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ABSTRACT 

This paper presents a detailed discussion of the planning, development, appli- 
cation, and operational use of the ~aturn/Apollo space vehicle control and 
checkout system for vehicle prelaunch checkout and launch operations at 
Kennedy Space Center/NASA. 

The discussion reflects present vehicle prelaunch checkout and launch philoso- 
phy; describes the techniques and procedures currently used to conduct vehicle 
checkout and launch operations, and the operational capabilities of the con- 
trol and checkout system; and reviews operational experience in s~ecific 
applications of the system. Conclusions and recommendations are based on 
knowledge gained from all aspects of control and checkout. 

The discussion does not include safety, quality assurance, and support opera- 
tions, although these functions play a vital role in the overall conduct of 
Saturn/Apollo launch operations. 
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INTRODUCTION 

Saturn  Launch Vehicles 

There a r e  t h r e e  launch v e h i c l e s  a s soc i a t ed  wi th  t h e  Saturn/Apollo Program; t h e  
Sa turn  I ,  Sa turn  I B ,  and Sa turn  V.  Sa turn  I launch ope ra t ions  demonstrated 
t h e  v a l i d i t y  of c l u s t e r e d  rocke t  engines and aided i n  t h e  development of t h e  
more powerful Saturn I B  and Sa turn  V launch veh ic l e s .  The s e r i e s  of success-  
f u l  Sa turn  I launches q u a l i f i e d  t h e  guidance and c o n t r o l  systems, demonstrated 
t h e  s t r u c t u r a l  i n t e g r i t y  and phys i ca l  compa t ib i l i t y  of launch v e h i c l e  and 
s p a c e c r a f t ,  and provided experience i n  app l i ca t ions  of l i q u i d  oxygen and 
l i q u i d  hydrogen f o r  rocke t  propulsion.  

With t h e  increased  power of t h e  Sa turn  I B  second s t a g e ,  t h e  f u l l y  fue led  
Apollo spacec ra f t  (command and s e r v i c e  modules) w i l l  be  placed i n  e a r t h  o r b i t .  
These o r b i t a l  f l i g h t s  w i l l  b e  conducted t o  f u r t h e r  demonstrate s p a c e c r a f t  
systems performance and provide a d d i t i o n a l  f l i g h t  crew t r a i n i n g .  

The Sa turn  V launch v e h i c l e  w i l l  provide the  t h r u s t  c a p a b i l i t y  needed f o r  t h e  
t h i r d  and f i n a l  phase of t h e  Apollo Program, the  a c t u a l  l una r  landing missions.  
The propuls ion  of t h e  f i r s t  two s t a g e s  p lus  a  short-period boost  from t h e  
t h i r d  s t a g e  w i l l  p l ace  t h e  Apollo spacec ra f t  i n  e a r t h  o r b i t .  Af t e r  coas t ing  
i n  o r b i t ,  t h e  t h i r d  s t a g e  engine w i l l  b e  r e s t a r t e d  t o  a c c e l e r a t e  t h e  space- 
c r a f t  along i t s  luna r  t r a j e c t o r y .  

Saturn/Apollo Launch Complexes 

Saturn/Apollo launch opera t ions  r e q u i r e  ex tens ive  v e h i c l e  checkout and launch 
f a c i l i t i e s .  Figure A-1 p r e sen t s  an  overview of launch opera t ions  f a c i l i t i e s  
on Cape Kennedy A i r  Force S t a t i o n  and Kennedy Space Center .  Launch Complexes 
34 and 37 (Figure A-2) were previous ly  used f o r  Sa turn  I launch ope ra t ions ,  
and a r e  p re sen t ly  being used f o r  Sa turn  I B  launch opera t ions .  For example, 
Launch Complex 34 (shown i n  t h e  c e n t e r  of Figure A-2) is p re sen t ly  a c t i v e  i n  
p repa ra t ion  f o r  t he  f i r s t  manned Saturn/Apollo launch (designated AS-205). 
Launch Complex 39, l oca t ed  on Kennedy Space Center (Figure A-l),  is  t h e  s i te  
of Sa turn  V launch opera t ions .  

Each launch complex c o n s i s t s  of a  launch c o n t r o l  cen te r  and v e h i c l e  assembly/ 
launch pad areas .  Each launch pad r equ i r e s  a  launcher ,  umbi l ica l  tower, flame 
d e f l e c t o r ,  s e r v i c e  s t r u c t u r e ,  and f a c i l i t i e s  t o  house c o n t r o l  and checkout 
equipment. Assembly, checkout, and launch of t h e  t o t a l  Sa turn  I B  v e h i c l e  
conf igura t ion  a t  Launch Complex 34 o r  37 is  accomplished by f a c i l i t i e s  per- 
manently i n s t a l l e d  i n  t h e  launch pad a rea .  A t  Launch Complex 39, however, 
assembly and i n t e g r a t e d  t e s t i n g  of t h e  Sa turn  V v e h i c l e  con f igu ra t ion  i s  
accomplished by f a c i l i t i e s  remote from t h e  launch pad a r e a .  The launcher ,  i t s  
i n t e g r a l  launch umbi l ica l  tower, and t h e  c o n t r o l  and checkout equipment a r e  
combined i n  a  t r anspor t ab le  u n i t  commonly r e f e r r e d  t o  a s  a  mobile launcher .  
One of t h e  mobile launchers  i s  f i r s t  moved i n t o  a  h igh  bay of t h e  v e h i c l e  
assembly bu i ld ing  (Figure A-3) where access  and handling equipment is  provided 
f o r  assembling t h e  fou r  s t ages  of t he  Saturn V launch v e h i c l e  and t h e  Apollo 
spacec ra f t .  V i s i b l e  i n  t h e  cen te r  foreground i n  F igure  A-3 i s  t h e  launch 
c o n t r o l  cen te r .  The launch c o n t r o l  cen te r  has  a  f i r i n g  room f o r  each high-bay 



assembly a r e a ,  and houses t h e  ope ra t iona l  personnel  and the  c o n t r o l  and check- 
out  equipment. Af t e r  thorough space v e h i c l e  i n t e g r a t e d  t e s t s  have v e r i f i e d  
t h a t  t h e  v e h i c l e  is ready f o r  launch, a  huge t r a c t o r  device c a l l e d  a  t r ans -  
p o r t e r  t r a n s f e r s  t h e  mobile launcher and t h e  space v e h i c l e  (Figure A-4)  t o  one 
of t h e  two a v a i l a b l e  launch pads (Figure A-5). Then the  t r a n s p o r t e r  t r a n s f e r s  
t he  mobile s e r v i c e  s t r u c t u r e  t o  t h e  pad i n  p repa ra t ion  f o r  f i n a l  v e h i c l e  
checkout p r i o r  t o  launch. The mobile concept of opera t ion  a f f o r d s  a  consider- 
ab ly  h igher  launch r a t e  c a p a b i l i t y  f o r  a  given pad f a c i l i t y .  Equally important 
t o  t h e  opera t ions  i s  t h e  p r o t e c t i o n  from t h e  elements during assembly and 
checkout of t h e  v e h i c l e  i n s i d e  t h e  v e h i c l e  assembly bui ld ing .  

There a r e  two o the r  f a c i l i t i e s , l o c a t e d  i n  t h e  Kennedy Space Center i n d u s t r i a l  
a r e a ,  t h a t  a r e  employed i n  prelaunch checkout. These a r e  t h e  ope ra t ion  and 
checkout bu i ld ing  (Figure A-6), used f o r  checkout of t h e  Apollo s p a c e c r a f t  
p r i o r  t o  mating t o  t h e  launch veh ic l e ;  and t h e  Cen t r a l  Ins t rumenta t ion  F a c i l i t y  
(Figure A-7) ,  t h e  f o c a l  po in t  f o r  te lemet ry  support  of major prelaunch t e s t s  
and launch. 

Saturn/Apollo Control  and Checkout Systems 

Saturn/Apollo c o n t r o l  and checkout systems, developed concurrent  w i th  t h e  
evolu t ion  of t h e  t h r e e  conf igura t ions  of Sa turn  launch v e h i c l e ,  were designed 
t o  meet t he  Saturn/Apollo v e h i c l e  performance and r e l i a b i l i t y  goa ls .  The 
Sa turn  I B  and Sa turn  V c o n t r o l  and checkout systems a r e  b a s i c a l l y  t h e  same, 
and each system f e a t u r e s  redundancy, r e p a i r a b i l i t y ,  and a  r e l i a b l e  c o n t r o l  
system. Design has evolved from demonstrated advanced techniques which, i n  a  
very r e a l  sense ,  a r e  t h e  r e s u l t  of experience gained from a c t u a l  checkout and 
launch opera t ions .  Information and d a t a  fed  back t o  design personnel  a s s i s t e d  
them i n  incorpora t ing  t h e  l a t e s t  ope ra t iona l  (user )  requirements i n t o  t h e  
hardware. 
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SECTION I 
SATURN/APOLLO VEHICLE CHECKOUT 

AND LAUNCH PHILOSOPHY 

Saturn/Apollo launch v e h i c l e  checkout and launch philosophy has evolved from 
a decade of experience i n  checkout and launch opera t ions  on t h e  Redstone, 
Mercury-Redstone, Juno, experimental and t a c t i c a l  J u p i t e r s ,  Pershing,  Atlas-  
Centaur, Saturn I ,  and Sa turn  I B  veh ic l e s .  A l a r g e  percentage of t h e  per- 
sonnel  who conducted t h e s e  e a r l i e r  rocke t  launches a r e  s t i l l  a c t i v e  i n  key 
p o s i t i o n s  of t e c h n i c a l  management, planning,  and performance of launch oper- 
a t i o n s  a t  the  Kennedy Space Center. 

A. OBJECTIVE 

The o b j e c t i v e  of space v e h i c l e  checkout a t  t h e  launch s i t e  i s  t o  provide mini- 
mum t e s t i n g  t o  a s s u r e  optimum f l i g h t  readiness .  This  i s  accomplished by a 
building-block technique,  s t a r t i n g  a t  t h e  subsystem l e v e l  and progressing 
through systems, v e h i c l e  s t a g e s ,  and i n t e g r a t e d  v e h i c l e  t e s t i n g .  The Sa turn /  
Apollo systems a r e  s t i l l  i n  t h e  research  and development phase and, t h e r e f o r e ,  
research  and development type  t e s t i n g  i s  emp'loyed; t h a t  i s ,  a r e l a t i v e l y  l a r g e  
number of system parameters a r e  monitored compared, f o r  example, t o  an opera- 
t i o n a l  v e h i c l e  o r  weapons system. 

B .  PLANNING 

Planning and procedures a r e  based on t e s t  requirements ,  s p e c i f i c a t i o n s ,  and 
c r i t e r i a  furnished by t h e  des ign  agency (Marshall  Space F l i g h t  Center ) ,  and 
t e s t s  and procedures updated from proven techniques and experience gained 
through launch opera t ions  a c t i v i t y .  The space v e h i c l e  checkout p lan  has t h r e e  
phases : 

1. Complex Ac t iva t ion  

This  phase involves  v a l i d a t i o n  of t h e  space v e h i c l e  c o n t r o l  and checkout 
system, umbi l ica l  d i sconnects ,  and f u e l i n g  system a s  p r e r e q u i s i t e s  t o  
a c t u a l  v e h i c l e  checkout. 

2 .  Vehicle Checkout and Launch 

This  phase involves complete checkout of t h e  assembled v e h i c l e  a t  t h e  
launch s i t e ,  inc luding  u t i l i z a t i o n  of preplanned a c t i o n s  when non- 
nominal s i t u a t i o n s  occur during prelaunch checkout and launch countdown. 

3 .  Complex Refurbishment 

This phase involves  refurbishment of t h e  launch pad a r e a  t o  r e p a i r  and/or  
r ep l ace  equipment damaged during launch of t h e  space veh ic l e .  



C.  NASA/CONTRACTOR ROLE I N  LAUNCH OPERATIONS 

I n  gene ra l ,  NASA manages and conducts launch opera t ions  using a  launch team 
comprised of NASA and s t a g e  con t r ac to r  personnel .  Cont rac tors  t h a t  manufac- 
t u r e  s t a g e s  of t he  launch v e h i c l e  a l s o  have c o n t r a c t s  wi th  Kennedy Space 
Center f o r  checkout of t h e i r  r e s p e c t i v e  s t ages .  The c o n t r a c t o r s  perform t h e i r  
t a s k s  i n  accordance with approved des ign ,  launch opera t ions  p l ans ,  and check- 
out  procedures.  

1. System Test  Engineer 

The system t e s t  engineer performs t h e  fol lowing func t ions :  

a .  Prepares  and performs t h e  d e t a i l e d  ope ra t iona l  procedures.  
b. P a r t i c i p a t e s  i n  scheduling of opera t ions .  
c .  Resolves ope ra t iona l  problems, and records  ope ra t ions  and f a i l u r e s .  
d. P a r t i c i p a t e s  i n  launch r ead ines s  reviews. 
e .  Performs t e s t  eva lua t ions  and p o s t f l i g h t  quick-look eva lua t ion  
of v e h i c l e  systems. 
f .  Provides t h e  design engineer  wi th  recommended changes when design 
d e f i c i e n c i e s  a r e  noted. A formal change r eques t  format i s  used f o r  
t h i s  purpose. 

2 .  Design Engineer 

The design engineer  maintains  l i a i s o n  between launch opera t ions  and t h e  
des ign  agency i n  support  of t h e  fol lowing:  

a .  V e r i f i e s  and c o n t r o l s  changes t o  both t h e  v e h i c l e  and t h e  check- 
out  system. 
b.  Furnishes t h e  t e s t  s p e c i f i c a t i o n s  and c r i t e r i a  f o r  each system. 
c .  Concurs wi th  launch opera t ions  p lans  and procedures .  
d .  Provides r ecu r ren t  c o n t r o l  of component f a i l u r e s .  
e .  Performs p o s t f l i g h t  eva lua t ion  of v e h i c l e  systems. 

Each of t h e  con t r ac to r s  and t h e  design agency have design engineering 
r e p r e s e n t a t i v e s  assigned t o  Kennedy Space Center.  

D .  MISSION RULES 

Mission r u l e s  a r e  developed t o  provide guidance t o  the  launch team organiza- 
t i o n  by spec i fy ing  preplanned dec i s ions  designed t o  minimize rea l - t ime r a t i o n -  
a l i z a t i o n  when non-nominal s i t u a t i o n s  occur during prelaunch checkout and 
launch countdown. When requi red ,  t e s t s  a r e  performed a t  t h e  Sa turn  Develop- 
ment F a c i l i t y  i n  Hun t sv i l l e  o r  a t  t h e  launch s i t e  t o  v e r i f y  t h e  r a t i o n a l e  
used i n  t he  development of mission r u l e s .  Mission r u l e s  a r e  prepared f o r  each 
Saturn/Apollo I B  and V mission. They apply t o  a l l  ope ra t iona l  a c t i v i t i e s  and 
events  i n  t he  countdown and launch of t h e  space v e h i c l e .  



E. CONFIGURATION CONTROL 

De ta i l ed  procedures and methods a r e  implemented t o  c o n t r o l  sof tware and hard- 
ware changes t o  the  Sa turn  launch v e h i c l e  systems and a s soc i a t ed  c o n t r o l  and 
checkout systems. This  conf igura t ion  c o n t r o l  procedure i s  based on NASA 
S p e c i f i c a t i o n  NPC500-1. 

1. Basic  Po l i cy  

Basic  po l i cy  discourages conf igura t ion  changes. However, when r equ i r ed  
they can b e  i n i t i a t e d  by both t h e  des igner  and t h e  t e s t  engineer .  In 
a d d i t i o n ,  t h e  t e s t  engineer can make an emergency change under t h e  
following cond i t i ons :  t h e  prevent ion  of s e r i o u s  i n j u r y  t o  personnel  
o r  s e r i o u s  damage t o  equipment, t h e  prevent ion  of a  shutdown i n  launch 
v e h i c l e  ope ra t ions ,  o r  t h e  completion of a scheduled t e s t ,  which would 
s e r i o u s l y  impair Launch Vehicle Operat ions '  a b i l i t y  t o  comply wi th  t h e  
program commitment. A l l  changes made a f t e r  t h e  space v e h i c l e  f l i g h t  
r ead ines s  t e s t  a r e  s t renuous ly  con t ro l l ed .  

2 .  Change Request Route 

The o f f i c i a l  change reques t  rou te  i s  through t h e  Development Center a t  
Marshal l  Space F l i g h t  Center and Program Of f i ce s  a t  Kennedy Space 
Center.  These program o f f i c e s  review reques ted  changes t o  determine 
impact on schedules ,  c o s t s ,  and con t r ac t s .  During t h i s  review per iod  
t h e  t e s t  and design engineers  exchange t e c h n i c a l  information regarding 
t h e  change reques t  and a i d  t h e  r e spec t ive  program o f f i c e s  a s  requi red .  
An expedi te  system e x i s t s  t o  handle urgent  changes. 

3 .  Hardware Changes 

Approved hardware changes a r e  de l ive red  t o  t h e  launch s i t e  i n  mod-kit 
form. The mod-kit conta ins  t he  fol lowing:  p a r t s ,  mod-kit i n s t r u c t i o n  
s h e e t s ,  mod-kit p a r t s  l i s t s ,  r e d l i n e  schemat iqengineer ing  o r d e r s ,  i n s t a l l -  
a t i o n  n o t i c e  ca rds ,  and keypunch f a c t  cards  used t o  genera te  t he  c o r r e c t  
wi re  l i s t  of t h e  a f f e c t e d  pa tch  panel .  I n  a d d i t i o n ,  t h e  ca rds  a r e  used 
a s  input  d a t a  t o  t h e  F lex ib l e  Automatic C i r c u i t  Tes t e r  equipment which 
performs an  automatic  megger and con t inu i ty  t e s t  of t h e  e n t i r e  patch 
panel .  The t e s t  engineer  reviews t h e  mod-kit t o  ensure  a  t o t a l  func- 
t i o n a l  change and coord ina tes  wi th  t h e  des ign  l i a i s o n  engineer  regard ing  
any d i sc repanc ie s .  Upon i n s t a l l a t i o n  of t h e  mod-kit, t h e  t e s t  
engineer updates  a l l  e x i s t i n g  schematics t h a t  have been a f f e c t e d .  

4. Software Changes 

Approved sof tware  changes a r e  t r ansmi t t ed  t o  Kennedy Space Center on magnetic 
t apes  o r  punched cards .  Changes inc lude :  l i s t i n g s  and flow diagrams, 
v a l i d a t i o n  summary r e p o r t ,  program t r o u b l e  r e p o r t  ( i f  a p p l i c a b l e ) ,  pro- 
gram r e l e a s e  n o t i c e ,  and program opera t ing  i n s t r u c t i o n s .  A l l  changes 



are validated at the Saturn Development Facility or via special con- 
trolled tests at Kenneay Space Center prior to use. 

F. TEST FLEXIBILITY 

Testing flexibility is one of the important features designed into the control 
and checkout system of SaturnfApollo launch vehicles. 

1. Test Points 

A large number of test points are available for use in isolating the 
causes of a malfunction. When conditions permit, these points are some- 
times used to bypass a malfunctioning-circuit through the use of fused 
jumpers to allow completion of a test. The malfunction-circuit is then 
corrected and revalidated. A large number of displays consisting of 
indicating lamps, meters, recorders, and a computer-driven cathode ray 
tube display provide the system test engineer with redundant monitor- 
ing information for real-time test evaluation of the system. 

2. Basic Modes of Operation 

a. The manual mode is used primarily for emergency operations, or 
when the computer control techniques are not possible or have not 
yet been implemented. 
b. The semiautomatic mode allows limited computer control operations. 
c. The automatic mode allows complete computer control with manual 
intervention when required to downgrade the test to a semiautomatic 
or manual operation. 

3. Circuit Interlocks 

Circuit interlocks for personnel and equipment safety prevent testing 
beyond certain critical limits when a system has malfunctioned and 
response time does not allow safe intervention. 

4. Redundancy 

Redundancy of systems or alternate modes of operation decrease the 
mean-time between significant failure and repairability, thereby increas- 
ing the probability of meeting launch window requirements. 

G . AUTOMATION 

The complexity of launch vehicle systems required that the control and check- 
out system employ digital computers to reduce the time needed for launch vehicle 
checkout. 



I .  Automation Plan 

To govern the  progress ion  of computer programs, an automation p lan  was 
implemented. This p l an  de f ines  goa ls  and o b j e c t i v e s .  The c r i t e r i a  
governs t h e  progress ion  from v e h i c l e  t o  v e h i c l e ,  e s t a b l i s h e s  a  base  f o r  
updat ing programs from v e h i c l e  t o  v e h i c l e ,  i d e n t i f i e s  and p r o j e c t s  sched- 
u l e s  f o r  t e s t  programs, de f ines  t echn ica l  a c t i v i t y  r e s p o n s i b i l i t i e s  and 
t a s k s  necessary t o  implement t h e  p l an ,  i d e n t i f i e s  and de f ines  documen- 
t a t i o n ,  and e s t a b l i s h e s  t h e  p l an  i t s e l f .  

2.  Objec t ives  

The primary o b j e c t i v e  of t h e  automation p lan  i s  t o  achieve an  optimum 
l e v e l  of automation f o r  launch v e h i c l e  checkout w i th in  t h e  resource  
c o n s t r a i n t s .  Optimum automation cons iders  maximum r e l i a b i l i t y ,  minimum 
test schedule t ime,  ope ra t iona l  manpower, and s p e c i a l  equipment requi red .  
Tes t  programs a r e  developed f o r  t h e  t e s t s  s e l e c t e d  f o r  automation based 
on a n a l y s i s  of t h e  trade-off f a c t o r s  involved. These programs a r e  de- 
bugged and v e r i f i e d  a t  t h e  Marshal l  Space F l i g h t  Center Sa turn  Develop- 
ment F a c i l i t y  (Saturn "bread board") p r i o r  t o  d e l i v e r y  t o  Kennedy Space 
Center.  The Saturn Development F a c i l i t y  s imula tes  t h e  e n t i r e  launch 
v e h i c l e  and t h e  c o n t r o l  and checkout system. The "bread boardtt  pro- 
v ides  a  very  e f f e c t i v e  means f o r  v e r i f y i n g  systems performance and 
hardware/software compa t ib i l i t y .  

3 .  C r i t e r i a  f o r  Se l ec t ion  

Analysis  and p r i o r i t y  c r i t e r i a  a r e  used t o  s e l e c t  t h e  t e s t s  t h a t  a r e  pro- 
posed f o r  automation (Figure 1-1). 

a .  Analysis  c r i t e r i a  cons iders  whether a  proposed t e s t  i s  mandatory 
and involves  c r i t i c a l  t iming and excess ive  manual checkout t ime, o r  
no o t h e r  c a p a b i l i t y  e x i s t s .  
b .  F e a s i b i l i t y  t o  automate cons iders  t he  c a p a b i l i t y  of t h e  e x i s t i n g  
computer system, hardware, i n t e r f a c e  equipment, sof tware  modifica- 
t i o n s  t o  t h e  e x i s t i n g  computer, and a d d i t i o n a l  support  f a c i l i t i e s  
requi red .  
c .  Reduction of v e h i c l e  checkout time cons iders  t h e  c a p a b i l i t y  t o  
reduce t o t a l  v e h i c l e  processing time, and t o  meet t i g h t  window 
schedules ,  o r  i nc rease  t h e  t ime t o  t ake  c o r r e c t i v e  a c t i o n  i n  t h e  
event  of malfunct ion.  
d .  Software development and v a l i d a t i o n  c o s t s  consider  programming 
and programming suppor t ,  f a c i l i t i e s  support  ( inc luding  t h e  Saturn 
Development F a c i l i t y ) ,  i n t e r f a c e  equipment n ~ o d i f i c a t i o n s ,  computer 
hardware, and/or opera t ing  system program conf igura t ion .  

Addi t iona l  checkout b e n e f i t s  inc lude  time saved c o n t r o l l i n g  t e s t s  o r  
eva lua t ing  t e s t  r e s u l t s ,  and increased  r e l i a b i l i t y  because of e f f i c i e n t  
coord ina t ion  of t e s t  opera t ions  and reduct ion  i n  human e r r o r .  
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Figure 1-1. Automation Analysis Flow 
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4 .  P r i o r i t y  C r i t e r i a  

The p r i o r i t y  c r i t e r i a  i s  c o n s i d e r e d  because  a  l i m i t e d  number of t e s t  pro- 
grams can  b e  debugged and v a l i d a t e d  i n  a  g iven  t i m e  p e r i o d .  Two g e n e r a l  
p r i o r i t y  c l a s s e s  are c o n s i d e r e d :  

a .  T e s t s  s e l e c t e d  f o r  automat ion t o  reduce  v e h i c l e  checkout t i m e  
and improve r e l i a b i l i t y ,  c o n s i d e r i n g  t h e  amount of reduced checkout  
t i m e ,  l aunch  window c o n s t r a i n t s ,  o r  t h e  number of r e p e t i t i o n s  of t h e  
t e s t s .  
b.  T e s t s  s e l e c t e d  t h a t ,  i n  themse lves ,  do n o t  r e d u c e  v e h i c l e  check- 
o u t  t ime  o r  s i g n i f i c a n t l y  improve r e l i a b i l i t y ,  b u t  may b e  automated 
i f  r e q u i r e d  a s  a  p a r t  of t h e  o v e r a l l  t e s t .  

5. Automation B a s e l i n e  

The automat ion b a s e l i n e  i d e n t i f i e s  t h e  computer programs committed t o  t h e  
c u r r e n t  v e h i c l e .  F i g u r e  1-2 r e f l e c t s  t h e  r e l a t i v e  t i m e  frame f o r  t h e  
development of test program p lann ing  f o r  t h e s e  programs. The b a s e l i n e  
i s  e s t a b l i s h e d  a t  t h e  t i m e  of t h e  f i n a l  .veh ic le  automat ion commitment 
and assumes t h e  e x i s t i n g  s t a t u s  of t h e  hardware and s o f t w a r e  c o n f i g u r a t i o n .  
Also,  t h e  b a s e l i n e  p r o v i d e s  a s t a r t i n g  p o i n t  from which proposed automa- 
t i o n  w i l l  p r o g r e s s  f o r  f u t u r e  v e h i c l e s  and a r e f e r e n c e  b a s e  t o  which pro- 
posed automat ion must r e l a t e .  

6.  Automation P r o j e c t i o n  

Automation p r o j e c t i o n  on a  m a s t e r  s c h e d u l e  (F igure  1-3) c o n t a i n s  a  l i s t  
of c a n d i d a t e  tests s e l e c t e d  f o r  automat ion ( a s s i g n e d  grouping of candi-  
d a t e s  by v e h i c l e ) ,  an  e s t i m a t e  of t h e  t i m e  r e q u i r e d  by t h e  S a t u r n  Devel- 
opment F a c i l i t y  f o r  implementat ion of each cand ida te ,and  an  i n d i c a t i o n  
of hardware and o p e r a t i n g  system changes r e q u i r e d  f o r  implementat ion of 
each c a n d i d a t e .  The p r o j e c t i o n  w i l l  be  updated f o r  each v e h i c l e .  

H. TEST EVALUATION 

The Sa tu rn /Apol lo  s p a c e  v e h i c l e  c o n t r o l  and checkout sys tem prov ides  t h e  
r e q u i r e d  d a t a  d i s p l a y  and r e c o r d i n g  needed f o r  test  o p e r a t i o n s .  The C e n t r a l  
I n s t r u m e n t a t i o n  F a c i l i t y  i s  t h e  major f a c i l i t y  f o r  p r o c e s s i n g  and d i s t r i b u t i o n  
of t e l e m e t r y  d a t a  i n  r e a l  t ime  t o  t h e  Miss ion C o n t r o l  Cen te r  i n  Houston, t o  
M a r s h a l l  Space F l i g h t  Cen te r  i n  H u n t s v i l l e ,  and f o r  p o s t - t e s t  d a t a  p r o c e s s i n g .  

Maximum f l i g h t  r e a d i n e s s  is  a s s u r e d , b y  a thoroush  e v a l u a t i o n  of every  test 
performed. E v a l u a t i o n  of each  t e s t ,  whether  i t  i s  a component t e s t  o r  a major  
space  v e h i c l e  o v e r a l l  t e s t ,  c o n s i s t s  of a  complete a n a l y s i s  i n v o l v i n g  c i r c u i t  
t iming ,  c i r c u i t  pa ramete r  t r e n d s ,  c o r r e c t  system r e s p o n s e s ,  and system t o l e r -  
ances .  Continuous r e a l - t i m e  e v a l u a t i o n  i s  e x t e n s i v e l y  employed by t h e  c o n t r o l  
and checkout sys tem computers and v i s u a l  o b s e r v a t i o n s  of a l l  t h e  d i s p l a y  equip- 
ment. Major t e s t i n g  u s u a l l y  does  n o t  proceed u n t i l  t h e  e v a l u a t i o n  of a  pre- 
v i o u s  t e s t  h a s  been s u c c e s s f u l l y  completed.  



MONTHS PRIOR TO AND AFTER VEHICLE ASSEMBLY - 1 1  -10 -9 - 8  -7 -6 -5 -4 -3 - 2  - 1  0 +I + 2  + 3  4-4 

I I I I I I I I I I I I 1 I I I 
PROJECTION UPDATE 

TEST PROGRAM DESIGN -ORIENTED CRITERIA 

TEST PROGRAM TEST ENGINEER CRITERIA 

AUTOMATION DCVELOPMENT PLAN UPDATE 

FUNCTIONAL SPECIFICATIONS 

FINAL VEHICLE AUTOMATION COMMITMENT I I I I I I I  
DETAILED TEST PROGRAM SPECIFICATIONS 1 1 1 1 1 I I  

INCREMENTAL PROGRAM DELIVERY TO KSC 

SDF MODIFICATION TO CURRENT VEHICLE 
1 1 1 1 1 I I  

SDF AVAILABILITY IN CURRENT VEHICLE CONFIGURATION 1 1 1 1 1 1 1 1 1 I  
PROGRAM DEBUG AND VERIFICATION 1 1 1 1 1 1 1 1 1 I  
F I N A L  SYSTEM VALIDATION I I I I I I I I I I I I I e I I  

I I I I I I I I I I I I I I I I 

F INAL PROGRAM ACCEPTANCE AT KSC I 1 I I I I I I I I I I I I h I  
I I I I I 1 

DEFINITIONS: 
CDR = CRITICAL DESIGN REVIEW 

R = REVIEW CONFERENCE 

F i g u r e  1-2. T y p i c a l  Format f o r  T e s t  Program Plann ing  



6 RECONFIGURE SDF HARDWARE 

SYSTEMS VAL1 DATION 

Figure 1-3. Typical Saturn IB Saturn Development Facility Master Schedule 



SECTION IT. 
PRELAUNCH AND LAUNCH CHECKOUT 

A. PLANNING 

Saturn/Apollo space v e h i c l e  prelaunch checkout and launch opera t ions  inc lude  
p lanning ,  scheduling,  procedure p repa ra t ion ,  t e s t  opera t ion ,  and t e s t  evalua- 
t i o n .  

P r i o r  t o  t h e  a r r i v a l  of a  v e h i c l e ,  launch opera t ions  requirements from t h e  
previous  launch a r e  updated t o  inc lude  any changes o r  add i t i ons  t o  meet requi re -  
ments f o r  t h e  c u r r e n t  mission. E f f e c t i v e  planning and scheduling of opera t ions  
a r e  based on r e a l i s t i c  e s t ima te s  of a r r i v a l  of launch v e h i c l e  s t a g e s  and space- 
c r a f t  modules, and launch da t e s .  The b a s i c  ope ra t iona l  p l an  inc ludes :  

Ground System Qua l i f i ca t ion .  
Stage and Spacecraf t  Premating Operat ions.  
Space Vehicle  Assembly. 
Spacecraft/Launch Vehicle Coordination. 
Stage and Space Vehicle  Checkout. 
Ordnance I n s t a l l a t i o n .  
Radioact ive Mate r i a l s  and Hypergolics Handling and Storage.  
Launch Countdown Operations.  
Post-Launch Operations.  
Refurbishment Procedures.  

Vehicle  t r a n s f e r  procedures  a r e  a l s o  included i n  t h e  p lan  when opera t ions  apply 
t o  Sa turn  VIApollo v e h i c l e  launch from Launch Complex 39. 

B.  PROCEDURES 

A ca t a log  of a l l  t e s t  procedures t o  be performed is  prepared by t h e  test 
engineers  a t  Kennedy Space Center.  Each t e s t  procedure t o  be developed i s  
descr ibed  on a  t e s t  ca t a log  form, a s  shown i n  F igure  2-1. Information requi red  
on t h e  t e s t  c a t a l o g  form inc ludes  t e s t  t i t l e ,  t e s t  number, system i d e n t i f i c a -  
t i o n ,  t e s t  o b j e c t i v e s ,  t e s t  d e s c r i p t i o n s ,  equipment s t a t u s ,  v e h i c l e  e f f e c t i v i t y ,  
test l o c a t i o n ,  computer program i d e n t i f i c a t i o n ,  e s t ima te  of t e s t  t ime,  t e s t  
con f igu ra t ion ,  and support  requirements.  A l l  of t he  t e s t  ca t a log  forms com- 
bined provide  a  summary of a l l  scheduled t e s t s  and a r e  publ ished f o r  each 
veh ic l e .  The test ca t a logs  a r e  submit ted t o  t h e  design engineer  f o r  review 
and concurrence. 

The b a s i c  t e s t  procedure flow ( ~ i g u r e  2-2), i s  i n i t i a t e d  i n  response t o  t h e  
test requirements from the  des ign  agency, o r  an ope ra t iona l  requirement by 
Kennedy Space Center .  Exis t ing  procedures,  used i n  previous launch v e h i c l e  
checkout, a r e  used t o  t he  maximum e x t e n t  poss ib l e  by updating them t o  inc lude  
new t e s t  requirements and r e l a t e d  t e s t  s p e c i f i c a t i o n s  and c r i t e r i a .  Addi t iona l  
information i n  t he  t e s t  procedures i nc lude ,  bu t  a r e  no t  l imi t ed  t o ,  t h e  fol lowing:  

1. Pre - t e s t  requirements.  
2 .  Tes t  equipment. 
3 .  Communications. 
4. Opera t iona l  sequence emergency procedures.  

2- 1 



KSC O P E R A T I O N S  

APOLLO/SATURN TEST CATALOG 
P A G E  1 O F  2 

L/V SWITCH SELECTOR FUNCTIONAL TEST 
I 1 SATURNIB I 

4. TEST OBJECTIVES 

THE OBJECTIVE OF THIS TEST IS TO VERIFY PROPER OPERATION OF THE LAUNCH 
VEHICLE SWITCH SELECTORS. 

5. TEST DESCRIPTION/EQUIPMENT STATUS 

PART I: INTERFACE TEST (MANUAL): PANEL COMMANDS W I L L  BE ISSUED 
TO VERIFY STAGE SELECT, BIT VERIFY, RESET, INHIBIT, A L L  
ZEROS, AND A L L  ONES (REGISTER TEST) CIRCUITRY. 

PART 11: INTERFACE TEST (AUTO): COMMANDS W I L L  BE ISSUED (AS IN 
PART I) BY PROGRAM N T 0 2  TO VERIFY THE GROUND COMPUTER/ 
SWITCH SELECTOR INTERFACE. OPEN ADDRESS AND DUAL STAGE 
SELECT MALFUNCTIONS ARE INTRODUCED AND VERIFIED. 

PART Ill: CHANNEL TEST: EACH SWITCH SELECTOR W l L L  BE SELECTED AND 
A L L  OUTPUT CHANNELS ISSUED TO VERIFY STAGE AND CHANNEL 
ISOLATION. MULTIPLE OUTPUT MALFUNCTIONS ARE INTRODUCED 
AND VERIFIED. PROGRAM NA03.  

l i S C  F O R M  23-1 91 (2/661 

Figure 2-1. Saturn IB/Apollo Test Catalog Format (Sheet 1 of 2) 



LAUNCH VEHICLE SWITCH SELECTOR FUNCTIONAL TEST 

a S - I B  OR S-IC STAGE PWR D L C C  MEASURING (INS) 0 ETR COMMAND XMITTER 

S-ll STAGE POWER GSE MEASURING (LVO) 0 LOCAL COMMAND (C.L.) 

a S - I V B  STAGE POWER 0 GSE MEASURING (INS) 

D LCC DATA DISPLAY 0 LCC TM STA. (MONITOR) 

0 C I F  DATA DISPLAY C? LCC TM RECORDING 

0 C I F  TM STA. (MONITOR) 

0 DDAS TAPE RECORDING O C I F  TM RECORDING 

BACK-UP BATTER1 ES  SERVICE STRUCTURE MEAS. U C I F  COMPUTER 

RCA-11OA COMPUTERS 0 Cl F DATA 

 COUNTDOWN CLOCK 0 ACE 0 TM RECORDS 

0 ETR SEQUENCER 0 L / V  W-G ECS 0 REAL-TIME CIF  COMPUT. 

OETRCOUNTDOWN CLOCK 0 CM W-G ECS POST-TEST C l F  COMPUT. 

CI] FACIL ITY ECS (GAS) 17 KSC TRACKING 

H.P. GAS D RFI  MONITORING 

[? ETR PAD SAFETY R F  READOUTS (ETR) 

0 KSC PAD SAFETY C] FACIL ITY TV (OTV) C] RF READOUTS (KSC) 

OSECURITY POLICE a FACIL ITY COMM. (015) CI] WEATHER FORECAST 

FIRE FIGHTING FILM CAMERAS 

0 SEARCH LIGHTS 

0 FOOD SERVICE 

F i g u r e  2-1. S a t u r n  IB/Apol lo  T e s t  C a t a l o g  Format (Sheet  2 of 2) 
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PCD - PROCEDURE CHANGE REQUEST 

Figure 2-2. Test Procedure Flow 



5. D a t a  and summary s h e e t s .  
6. P o s t -  t e s  t requ i rements .  
7 .  L i s t  of r e f e r e n c e  documents. 

Refe rence  documents may i n c l u d e  s u p p o r t  check l i s t s ,  v a l i d a t i o n  a n d / o r  c a l i -  
b r a t i o n  p r o c e d u r e s .  The u s e  of r e f e r e n c e  documents i n  preforming work must 
b e  approved i n  advance.  T e s t  p rocedures  must i n c l u d e  a l l  a c t i o n s  n e c e s s a r y  
t o  p l a c e  t h e  sys tem,  s t a g e ,  module, o r  v e h i c l e  i n t o  t h e  c o n f i g u r a t i o n  r e q u i r e d  
f o r  t h e  tes t .  The p rocedure  is  t h e n  d i s t r i b u t e d  t o  a l l  a f f e c t e d  t e s t  e n g i n e e r s  
f o r  rev iew t o  r e s o l v e  any c o n f l i c t s  o r  i n c o n s i s t e n c i e s .  A l l  i n p u t s  a r e  c o n s o l i -  
d a t e d  and r e l e a s e d  f o r  u s e  a f t e r  p r o p e r  approva l .  

During t h e  tes t  o p e r a t i o n s ,  a l l  d e v i a t i o n s  must r e c e i v e  p r i o r  approva l .  A f t e r  
t h e  s u c c e s s f u l  c o n c l u s i o n  of t h e  t e s t ,  a t e s t  summary i s  prepared .  Any devia-  
t i o n s  n o t e d  d u r i n g  t h e  o p e r a t i o n s  a r e  t h e n  f e d  back t o  upda te  t h e  test pro- 
c e d u r e  f o r  u s e  t h e  n e x t  t i m e  t h e  p rocedure  i s  r u n ,  o r  as a  b a s e  l i n e  f o r  t h e  
n e x t  v e h i c l e .  

An example of test procedures  used t o  checkout t h e  v e h i c l e  guidance sys tem i s  
shown i n  F i g u r e  2-3. The procedure  covers  a ' t i m e  span  of p r e a r r i v a l  checks 
through p o s t  test  e v a l u a t i o n .  The p r e a r r i v a l  p rocedures  c o n s i s t  o f  c a l i b r a -  
t i o n  o f  a l l  i n s t r u m e n t s  and test equipment used a t  t h e  launch s i te  and 
l a b o r a t o r y ,  and r e c e i v i n g  and i n s p e c t i o n  i n  t h e  l a b o r a t o r y  o r  i n  t h e  v e h i c l e  
i f  t h e  i t e m s  were  sh ipped  i n s t a l l e d .  

Labora to ry  checkout  of t h e  f l i g h t  s p a r e s  c o n s i s t s  of v e r i f i c a t i o n  of t h e  l a u n c h  
v e h i c l e  d a t a  a d a p t e r ,  l aunch  v e h i c l e  d i g i t a l  computer,  and t h e  combined l a u n c h  
v e h i c l e  d a t a  a d a p t e r  and d i g i t a l  computer. Checkout of t h e  f l i g h t  i t e m s  are 
normal ly  accomplished a t  t h e  launch s i t e  b u t  are performed i n  t h e  l a b o r a t o r y  
when r e q u i r e d .  

T e s t s  performed a t  t h e  l aunch  s i t e  c o n s i s t  of a system f u n c t i o n a l  tes t ,  
i n c l u d i n g  v a l i d a t i o n  of t h e  guidance i n t e r f a c e s  w i t h  t h e  c o n t r o l  and checkout  
sys tem,  t h e  v e h i c l e  measur ing c a l i b r a t i o n ,  and a l l  v e h i c l e  i n t e r f a c e s  w i t h  t h e  
guidance sys tem.  These  c o n s i s t s  o f  t h e  d i g i t a l  d a t a  a c q u i s i t i o n  sys tem,  t h e  
s w i t c h  s e l e c t o r ,  t h e  command system,  and t h e  c o n t r o l  and s t a b i l i z e d  p l a t f o r m  
sys tems .  

I n  g e n e r a l ,  t h e  l aunch  v e h i c l e  guidance system procedures  f o r  launch and s p a c e  
v e h i c l e  o v e r a l l  tests a r e  i d e n t i c a l .  I n  a d d i t i o n  t o  t h e s e  p rocedures ,  t h e  
guidance t e s t  e n g i n e e r s  p r o v i d e  t h e  n e c e s s a r y  i n p u t s  t o  t h e  launch and space  
v e h i c l e  i n t e g r a t e d  o v e r a l l  test and launch p rocedures .  These i n p u t s  are 
u s u a l l y  m i l e s t o n e s  c o n s i s t i n g  of t ime  of power-up and time-to-be-ready, s t a t u s ,  
and t i m e  c r i t i c a l  o p e r a t i o n s .  Each test procedure  c o n t a i n s  t h e  n e c e s s a r y  
logg ing  and p o s t - t e s t  e v a l u a t i o n  work t h a t  must b e  s a t i s f a c t o r i l y  performed. 

To produce a n  automated t e s t  p rocedure ,  u s i n g  t h e  Acceptance T e s t  o r  Launch 
Language (ATOLL), r e q u i r e s  a complete a n a l y s i s  of t h e  proposed test  and t h e  
i n i t i a t i o n  of a r e q u e s t  f o r  a computer program. The p rocedure  f low i s  shown 
i n  F i g u r e  2-4. 

The system test e n g i n e e r ,  on complet ion of t h e  a n a l y s i s ,  proposes  t h e  program 

requirements  t o  t h e  automat ion group. The automat ion group t h e n  p r e p a r e s  t h e  
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r eques t ,  which is  submit ted f o r  approval.  I f  approved, t h e  system t e s t  engin- 
e e r  then  prepares  t h e  procedures using ATOLL, wi th  t h e  a s s i s t a n c e  of t h e  
automation group. The programmers then genera te  t h e  ATOLL l i s t i n g .  

A review cyc le  by a l l  groups involved confirms t h a t  t h e r e  a r e  no compiling 
e r r o r s .  The system t e s t  eng inee r ' s  c r i t e r i a  ( l i s t i n g )  is  approved a s  the pro- 
gram d e f i n i t i o n  and i s  re turned  t o  t he  programmers who prepare  the  proper 
documentation, c o n s i s t i n g  of opera t ing  i n s t r u c t i o n s ,  d e s c r i p t i o n  of t h e  program, 
and flow cha r t s .  I n  a d d i t i o n ,  t he  program i s  v e r i f i e d  e i t h e r  a t  t h e  Kennedy 
Space Center using a  Sa turn  ground computer complex t h a t  i s  no t  being used f o r  
v e h i c l e  checkout, o r  it is  s e n t  t o  t h e  Saturn Development F a c i l i t y  i n  
Huntsv i l le .  The program i s  then o f f i c i a l l y  bought o f f  wi th  f i n a l  documentation, 
which inc ludes  t h e  v a l i d a t i o n  procedures,  P r i o r  t o  ope ra t iona l  u se  of t h e  
program, a  t e s t  procedure i s  prepared o r  updated a s  prev ious ly  descr ibed .  

C . SCHEDULING 

A t y p i c a l  Sa turn  IB/Apollo space v e h i c l e  checkout and launch schedule i s  
e s s e n t i a l l y  broken i n t o  t h r e e  p a r t s ;  launch v e h i c l e ,  s p a c e c r a f t ,  and combined 
space v e h i c l e  checkout,  a s  shown i n  Figure 2-5. Both launch v e h i c l e  checkout 
and s p a c e c r a f t  checkout a r e  timed f o r  completion a t  spacec ra f t  e l e c t r i c a l  mate 
wi th  t h e  launch veh ic l e .  

1. Launch Vehicle  Checkout Funct iona l  Flow 

The launch v e h i c l e  checkout is  conducted i n  f o u r  phases (Figures  2-6 and 
2 - 7 )  : 

a.  Pad a c t i v i t y  requi red  p r i o r  t o  v e h i c l e  assembly. 
b.  Launch v e h i c l e  assembly and mechanical systems checks. 
c .  Subsystem and system t e s t i n g ,  c o n s i s t i n g  of power-up, te lemet ry  
and RF checks, and propuls ion  and hydrau l i c  checkout. 
d. Launch v e h i c l e  i n t e g r a t e d  t e s t i n g  cons i s t i ng  of launch v e h i c l e  
e l e c t r i c a l  mate, switch s e l e c t o r  f u n c t i o n a l  t e s t ,  p ropuls ion  d i s -  
p e r s i o n . t e s t ,  launch v e h i c l e  power t r a n s f e r ,  i nd iv idua l  guidance and 
c o n t r o l  systems checks, combined guidance and c o n t r o l  system checks, 
launch vehicle-Mission Control  Center-Houston i n t e r f a c e  t e s t ,  launch 
v e h i c l e  sequence malfunct ion t e s t ,  launch v e h i c l e  f u l l  p r e s su re  t e s t ,  
and t h e  environmental cool ing system t e s t .  A t  t h i s  p o i n t  t h e  launch 
v e h i c l e  i s  ready f o r  spacec ra f t  e l e c t r i c a l  mate. 

2 .  S ~ a c e c r a f t  Checkout Funct ional  Flow 

A t y p i c a l  Sa turn  IB/Apollo spacec ra f t  checkout f u n c t i o n a l  flow (Figure 
2-8) i s  conducted i n  two p a r t s  cons i s t i ng  of r ece iv ing  and in spec t ion  
and s p a c e c r a f t  checkout. These processes  inc lude  t h e  fol lowing equipment: 

a .  Launch escape system. 
b.  Serv ice  module and i t s  a s soc i a t ed  r e a c t i o n  con t ro l  system pro- 
pu l s ion  modules (quads). 
c .  Serv ice  module/lunar module adapter .  
d. Command module. 











For s p a c e c r a f t  checkout,  t he  command and s e r v i c e  modules a r e  mated i n  t h e  
high a l t i t u d e  chamber f o r  systems v e r i f i c a t i o n ,  followed by i n s t a l l a t i o n  
of t h e  high-gain antennas and nozz le  extenders  on the  s e r v i c e  module 
engine. The command and s e r v i c e  modules and the  s e r v i c e  moduIe/lunar 
module adapter  a r e  then mated and pyrotechnics  i n s t a l l e d .  I n s t a l l a t i o n  
of t h e  r e a c t i o n  c o n t r o l  system propuls ion  quads and cabin l e a k  checks a r e  
completed and t h e  s p a c e c r a f t  i s  moved t o  t h e  launch pad. There,  t h e  
spacec ra f t  and the  launch escape system a r e  e r ec t ed .  P r i o r  t o  s p a c e c r a f t  
e l e c t r i c a l  mate t o  t h e  launch v e h i c l e ,  t h e  spacec ra f t  complex is  a c t i v a t e d ,  
s p a c e c r a f t  systems v e r i f i e d ,  and a  Mission Control  Center-Houston i n t e r -  
f a c e  t e s t  i s  performed. The space v e h i c l e  is  then mated e l e c t r i c a l l y  t o  
t h e  launch veh ic l e .  

3. Space Vehicle  Funct iona l  Flow 

The space  v e h i c l e  flow (Figure 2-9) i s  then s t a r t e d .  This  c o n s i s t s  of an 
emergency d e t e c t i o n  system t e s t ,  umbi l ica ls - in  o v e r a l l  t e s t ,  umbil icals-  
out  o v e r a l l  t e s t ,  space v e h i c l e  ordnance i n s t a l l a t i o n ,  f l i g h t  r ead ines s  
t e s t ,  hypergol ic  p repa ra t ion ,  loading and a u x i l l a r y  propuls ion  system 
s t a t i c  f i r i n g ,  p repa ra t ions  f o r  t h e  countdown demonstration t e s t  which 
inc ludes  RP-1 f u e l  loading of t h e  f i r s t  s t a g e ,  a  space v e h i c l e  Mission 
Control  Center-Houston i n t e r f a c e  t e s t ,  and t h e  countdown demonstrat ion 
t e s t .  

4. Launch Countdown Funct iona l  Flow 

The space  v e h i c l e  is  now ready t o  e n t e r  launch phase; t h e  phase is  d iv ided  
i n t o  two p a r t s  and performed on success ive  days. The f i r s t  day c o n s i s t s  
of launch v e h i c l e  p r e f l i g h t  p repa ra t ions  and t h e  exe rc i s ing  of va r ious  
systems t o  ob ta in  f i n a l  v e r i f i c a t i o n s .  This i s  followed by t h e  i n s t a l l a -  
t i o n  and p a r t i a l  connection of ordnance. Spacecraf t  opera t ions  c o n s i s t s  
of v e r i f i c a t i o n  of a l l  ground support  equipment connections and appl ica-  
t i o n  of power t o  t h e  s p a c e c r a f t  buses.  Onboard d i s p l a y s  a r e  c a l i b r a t e d  
i n  q u a n t i t a t i v e  systems t e s t s ,  u t i l i z i n g  automatic  checkout carry-near  
equipment. 

During systems checks, t h e  pyrotechnic buses a r e  armed and s t r a y  vo l t age  
checks a r e  performed. Upon completion of s t r a y  vo l t age  checks and system 
v a l i d a t i o n s ,  power i s  removed and a l l  i n i t i a t o r s  and s p a c e c r a f t  f l i g h t  
b a t t e r i e s  a r e  i n s t a l l e d  a f t e r  t h e  carry-on equipment i s  disconnected.  

The second day of launch v e h i c l e  countdown c o n s i s t s  of b a t t e r y  i n s t a l l a -  
t i o n ,  power t r a n s f e r  i n  which a l l  launch v e h i c l e  systems a r e  exe rc i sed ,  
f i n a l  range s a f e t y  command checks, r a d i o  frequency and te lemet ry  checks, 
and remaining ordnance connect ions.  Spacecraf t  opera t ions  c o n s i s t  of a 
q u a l i t a t i v e  system t e s t  using te lemetry h a r d l i n e  and r a d i o  frequency 
communications. Onboard d i sp l ays  a r e  va l ida t ed  a t  t h i s  time. F i n a l  
system v e r i f i c a t i o n s  a r e  then completed i n  time f o r  t he  te rmina l  count 
sequence. 

The mobile s e r v i c e  s t r u c t u r e  i s  moved t o  i t s  launch p o s i t i o n  p r i o r  t o  
s t a r t  of cryogenic loading.  Before loading of l i q u i d  hydrogen begins ,  t he  
blockhouse i s  s ea l ed .  During t h e  te rmina l  count,  bu t  p r i o r  t o  i n i t i a t i o n  





of t he  launch sequence, a l l  launch v e h i c l e  systems a r e  a c t i v a t e d  and 
evaluated f o r  performance. The automatic  sequence a c t i v a t e s  a l l  remain- 
ing  func t ions  r equ i r ed  f o r  l i f t o f f .  Procedures f o r  emergency and r e c y c l e  
secur ing  opera t ions  a r e  included i n  t he  countdown procedures.  

5. Schedule Changes 

The schedule i s  planned p r i o r  t o  v e h i c l e  a r r i v a l .  However, problems a r i s e  
which cause rea l - t ime dev ia t ions  from t h i s  schedule.  These problems a r e  
resolved by the  combined use  of a  14-day v e h i c l e  t e s t  schedule (with t h e  
f i r s t  72 hours  g iven  i n  d e t a i l )  and a  d a i l y  work schedule ,  conta in ing  day- 
by-day a c t i v i t i e s  covering t h e  period from s t a g e  a r r i v a l  t o  mating. These 
a r e  r e l ea sed  on a  weekly b a s i s .  

A d a i l y  s t a t u s  meeting is  he ld  during v e h i c l e  checkout.  Highl ights  of 
v e h i c l e  checkout progress  a r e  repor ted  a t  t h e  s t a t u s  meetings. The pur- 
pose of t hese  meetings is  to :  

a .  Summarize t h e  day 's  a c t i v i t i e s  and record  s t a t u s  and progress .  
b.  Review problem a reas .  
c .  Revise t h e  schedules  t o  r e f l e c t  problems and progress .  
d. Review t h e  next  t h r e e  day ' s  a c t i v i t i e s  s o  t h a t  d e t a i l  work can 
be scheduled. 

D.  TEST OPERATIONS 

Launch v e h i c l e  checkout ope ra t ions ,  u t i l i z i n g  t h e  c o n t r o l  and checkout systems, 
can b e s t  be  i l l u s t r a t e d  by desc r ib ing  t h e  opera t ions  during one of t h e  major 
Sa turn  V space v e h i c l e  o v e r a l l  t e s t s .  

The c o n t r o l  and checkout systems consoles ,  l oca t ed  i n  t h e  launch c o n t r o l  c e n t e r ,  
a r e  operated by system t e s t  engineers  and t echn ic i ans .  Through the  u t i l i z a t i o n  
of t hese  consoles ,  t h e  t e s t  engineer  i n i t i a t e s ,  c o n t r o l s ,  and monitors a l l  of 
t h e  launch v e h i c l e  systems t e s t s .  The launch v e h i c l e  and s t a g e  t e s t  conductors ,  
l oca t ed  a t  consoles  i n  t h e  management a r e a  (Area A ,  F igure  2-10), c o n t r o l  t h e  
sequence of i n i t a t i n g  t h e  t e s t s  i n  accordance wi th  t h e  approved procedures and 
countdown document. The launch d i r e c t o r ,  o the r  launch opera t ions  management 
personnel ,  and r e p r e s e n t a t i v e s  of t h e  development c e n t e r s  a r e  a l s o  loca t ed  i n  
a r e a  A, 

The space v e h i c l e  o v e r a l l  umbi l i ca l  e j e c t  t e s t  (Figures  2-11 and 2-12) w i l l  be  
used a s  an example of checkout because of i t s  c l o s e  resemblance t o  a c t u a l  f l i g h t  
condi t ions .  The t e s t  has fou r  major phases: 

1. Support p repa ra t ions  and power-up. 
2. Prelaunch countdown. 
3 .  F l i g h t  sequence. 
4. Pos t - t e s t  opera t ions .  

The t e s t  ob jec t ives  a r e  t o  v e r i f y  proper opera t ion  of a l l  space v e h i c l e  systems 
and a s soc i a t ed  c o n t r o l  and checkout equipment during a  normal automatic f i r i n g  
sequence and f l i g h t  sequence; t h i s  inc ludes  hold-down r e l e a s e ,  e l e c t r i c a l  
umbi l ica l  e j e c t i o n ,  f i r i n g  of l i v e  ordnance i n  t e s t  chambers, and ve r i fy ing  t h e  
absence of e l e c t r i c a l  i n t e r f e r e n c e  a t  the  time of umbi l i ca l  disconnect .  

2-15 





A l l  launch v e h i c l e  te lemet ry  and range s a f e t y  command r e c e i v e r s  ope ra t e  
through closed-loop cables .  The launch v e h i c l e  RF and t racking  systems 
(C-band beacons, c o n t r o l  and command, g loba l  t r ack ing ,  and o f f s e t  doppler)  
w i l l  b e  monitored a t  t he  v e h i c l e  assembly bu i ld ing  by t h e  RF checkout equip- 
ment us ing  r e p e a t e r  antennas. P rope l l an t  d i spe r s ion  system command func t ions  
f o r  t h e  s t a g e s  w i l l  be given a t  t h e  proper t i m e .  

The launch v e h i c l e  countdown p icks  up a t  T-7 hours 45 minutes wi th  i n s t a l l a t i o n  
of l i v e  ordnance i t e m s  and f l i g h t  b a t t e r i e s ,  during which time RF s i l e n c e  i s  
maintained. A t  T-7 hours 5 minutes,  t h e  support  p repa ra t ions  and power-up 
phase begins.  

Major suppor t  p repa ra t ions  involve t h r e e  major i tems:  t h e  e l e c t r i c a l  systems, 
t h e  Sa turn  ground computer complex, and t h e  d i g i t a l  d a t a  a c q u i s i t i o n  system. 
The primary concern wi th  the  e l e c t r i c a l  systems a r e  cab le  hook-up, c o n t r o l  and 
checkout systems f a c i l i t y  power a p p l i c a t i o n ,  t h e  d i g i t a l  event  eva lua to r  
computer v e r i f i c a t i o n ,  and t h e  countdown c lock  system f u n c t i o n a l  checkout. 

The Sa turn  ground computer complex system performs t h e  necessary p reven t ive  
maintenance checks on a l l  computers. Computer 'acceptance and i n t e r f a c e  t e s t  
programs accomplish computer self-check and i n t e r f a c e  checkout of t h e  fol lowing:  
d i g i t a l  d a t a  a c q u i s i t i o n  system, d i s c r e t e  system, countdown c lock ,  launch 
veh ic l e  d i g i t a l  computer and d a t a  adap te r ,  and spacec ra f t  i n t e r f a c e .  The com- 
pu te r  v e r i f i c a t i o n  and i n t e r f a c e  checks a r e  a l l  performed i n  t he  proper  sequence 
followed by t h e  f u n c t i o n a l  t e s t s  of t h e  o the r  systems. 

The d i g i t a l  d a t a  a c q u i s i t i o n  system i s  f u n c t i o n a l l y  checked and i s  committed 
t o  o p e r a t i o n a l  use a f t e r  completion of t h e  Sa turn  ground computer complex i n t e r -  
f a c e  t e s t .  When t h e  d i s c r e t e  and countdown c locks  i n t e r f a c e  checks a r e  
completed, t h e  Sa turn  ground computer complex s t a r t s  i n i t i a l i z a t i o n  procedures 
by loading t h e  opera t ing  program i n t o  the  computer and a c t i v a t i n g  a l l  t h e  
computer input /output  i n t e r f a c e s ,  except  t h e  d i s c r e t e  output .  The computer 
complex i s  now i n  t h e  IDLE mode. 

The count i s  now T-5 hours 5 minutes and t h e  switch scan  program i s  c a l l e d  up 
and executed. This  program scans a l l  opera tor  switch p o s i t i o n s  and s i g n a l s  
from t h e  v e h i c l e  and compares t hese  s i g n a l s  wi th  a  predetermined s t a t u s ,  
p r i n t i n g  out  a l l  d i f f e r e n c e s .  The ope ra to r s  a t  t h e  systems consoles  s e t  t h e  
switches t o  t h e  c o r r e c t  p o s i t i o n s ,  and t h e  d i s c r e t e  output  system i s  a c t i v a t e d .  
The computer complex now i s  i n  t h e  GO mode, completing a c t i v a t i o n  of t h e  
c o n t r o l  and checkout system. 

The launch v e h i c l e  environmental c o n t r o l  system is  a c t i v a t e d  followed by s t a g e  
and instrument  u n i t  power-on and func t iona l  checks of t h e  e l e c t r i c a l  and 
mechanical systems. RF s i l e n c e  is  maintained u n t i l  completion of t h e  l i v e  
ordnance i n s t a l l a t i o n  i n  t h e  t e s t  chambers. 

The countdown i s  now T-3 hours and t h e  countdown d i sp l ays  a r e  a c t i v a t e d .  This  
s i g n i f i e s  t he  s t a r t  of formal opera t ing  s t e p s .  Launch v e h i c l e  ins t rumenta t ion  
and guidance checkout now begins.  

A l l  RF systems, g loba l  t r ack ing ,  o f f s e t  doppler ,  c o n t r o l  and command system, 
C-band beacon, and range s a f e t y  command r e c e i v e r s  a r e  f u n c t i o n a l l y  checked, 



I-HOURS 

IFTOFF-START TB I 

I 1 1 1 l l l  I I T E R M I N A L  COUNT 
SPAEFCRAFT OPERATI 01s I 

1 ~ 1 I ~ m 1 m = m m 1 1 - 1 1 1 1 = I I 1 1 1 = 1 I I m I I = I = I 1 1 1 I I I I I I I 1 = = = = = = = - - 1  

I N S T A L L  L I V E  OROINANCE I T E M S  A N 0  F L T  B A T 1  

S I C  POWER UP A N 0  F U N C T I O N A L S  

S - l l  POWER UP A N 0  F U N C T I O N A L S  

NO L / V - S W I T C H I N G  

CONNECT EBW ORDINANCE 

T H E O O O L I T E  S E T  UP 

R F  A N 0  TM CHEC 

P R E P S  COMPLETE 

7 - 0 4  LVDC,'OA POWER ON 

F T - 2 3  SECTOR SUM CHECK 

G T - l l  S T - 1 2 4  TURN ON 

N A T T  NETWORK A T O L L  TOWER T E S T  

T T - O l  TM P R E F L I G H T  C A L I B R A T I O N  TE 

I I I 
1 - 1 w - m 1 - 1 1 1 - - 1 1 1 1 1 1  .,1111..111..1111 

L V R F  S I L E N C E  
1 1 1 1 1 1 m . 1  

L*'V R F  S I L E N C E  

1 1 1 1 1 - 1 1 0 = .  

Figure 2-11. Typical Saturn V/Apollo Overall Test/Umbilical Out-Countdown 



T-HOURS 

T+O:OO 

!+-I LIFTOFF-START TB I 

T OiSABLE A G C  L I F T O F F  AND HCP 

INBOARO ENGINE CUTOFF LVOC CMD START TE 2 

S I V B  PROP O l S P E R S l O N  

POST TEST O P E R A I I O N  

Figure 2-12. Typical Saturn V/Apollo Overall Test/Umbilical Out-Plight 
Sequence 



followed by commands from t h e  Range Safe ty  O f f i c e r .  The s t a g e  te lemet ry  
systems a r e  a c t i v a t e d  and a  c a l i b r a t i o n  check i s  made. A l l  v e h i c l e  sensors  and 
s i g n a l  condi t ion ing  i s  v e r i f i e d  a t  t h e  t e s t  engineer ' s  measuring s t a t i o n  p r i o r  
t o  i n i t i a t i n g  the remote automatic  c a l i b r a t i o n  system t e s t .  This  t e s t  and a  
f u n c t i o n a l  check of the launch veh ic l e  guidance and emergency d e t e c t i o n  system 
a r e  a l l  performed automat ica l ly ,  u t i l i z i n g  t e s t  programs previous ly  loaded i n t o  
t h e  Sa turn  ground computer complex. These t e s t s  a r e  c a l l e d  up f o r  execut ion  i n  
t h e  proper  sequence through t h e  d i sp l ay  console  keyboard. The guidance t e s t  
c o n s i s t s  o f :  

1. Launch Vehicle  D i g i t a l  Computer/Launch Vehicle  Data Adapter Power-On 

This  procedure checks each redundant power supply,  communication between 
t h e  computerldata adapter  and t h e  Sa turn  ground computer complex, power- 
up sequencing, and a c t i v a t i o n  of t h e  computer memory system. 

2. Self  -Checks 

Complete l o g i c  and computer opera t ions .  

3. Sec tor  Sum-Checks 

Va l ida t ion  of memory. 

4. P r e f l i g h t  Command Tes t  

Mission Cont ro l  Center-Houston i s s u e s  commands via  t h e  u n i f i e d  S-band 
system f o r  word and s e c t o r  dumps. The C e n t r a l  Ins t rumenta t ion  F a c i l i t y  
provides rea l - t ime a n a l y s i s  of t h i s  t e s t . b y  reading t h e  v e h i c l e  te lemet ry  
system and processing the  necessary da t a .  

5. D i s c r e t e  Output 

Check of d i s c r e t e  output  commands. 

The v e h i c l e  measuring system t e s t  c o n s i s t s  of switching t h e  s i g n a l  condi t ion ing  
i n p u t s  from normal mode t o  h igh ,  then low c a l i b r a t i o n .  A comparison i s  made 
w i t h  t h e  nominal va lues  and any e r r o r s  a r e  displayed.  

The v e h i c l e  emergency d e t e c t i o n  system u t i l i z e s  s p a c e c r a f t  checkout computer/ 
ground computer complex, i n  a d d i t i o n  t o  a l l  t h e  launch v e h i c l e  c o n t r o l  and 
checkout system i n t e r f a c e s  necessary t o  accomplish i t s  ob jec t ives .  There a r e  
two modes a s soc i a t ed  wi th  t h i s  t e s t .  Each of t h e  modes v e r i f y  t h e  system by 
permutating r e l a y  l o g i c  and emergency d e t e c t i o n  system c o n t r o l  r a t e  gyros,  
us ing  a l l  redundant pa ths .  

1. Mode One 

Engine out  a b o r t  c i r c u i t r y  and excess ive  r a t e  c i r c u i t r y .  

2. Mode Two 

Launch v e h i c l e  and spacec ra f t  abo r t  c i r c u i t r y .  



Throughout t h e  t e s t ,  r e s u l t a n t  veh ic l e  d i s c r e t e  and d i g i t a l  d a t a  a c q u i s i t i o n  
system s i g n a l s  a r e  compared a g a i n s t  des i r ed  responses;  a l l  d i screpancies  a r e  
displayed.  The opera tor  i s  given the  opt ion  t o  r e t e s t ,  s t o p ,  o r  cont inue t h e  
t e s t .  

A t  T-1  hour 30 minutes,  a l l  v e h i c l e  switching is  s t r i n g e n t l y  con t ro l l ed  and 
RF s i l e n c e  i s  maintained during t h e  connect ion of t h e  explos ive  br idgewire 
ordnance items. When t h e  count reaches T-50 minutes and a f t e r  RF s i l e n c e  i s  
r e l eased ,  a l l  systems prepare  f o r  t he  launch v e h i c l e  power t r a n s f e r  t e s t .  

1. RF and te lemet ry  systems a r e  turned on f o r  t h e  l a s t  time and f l i g h t  
te lemet ry  c a l i b r a t i o n s  a r e  made. 

2. The f l i g h t  c o n t r o l  system i s  f u n c t i o n a l l y  t e s t e d  without  engine 
a c t u a t o r  hydrau l i c s .  P r i o r  t o  power t r a n s f e r ,  an e r r o r  s$gnal i s  s e t  
i n t o  t h e  c o n t r o l  computer and the  hydrau l i c  pumps a r e  turned on so  t h a t  
complete c o n t r o l  engine a c t u a t o r  se rvo  loops can be  checked when t h e  
v e h i c l e  is  on i n t e r n a l  power. 

3. The launch v e h i c l e  i n e r t i a l  p la t form and automatic  alignment system 
checks c o n s i s t  of v a l i d a t i o n  and se tup  of t h e  alignment system and exe- 
c u t i o n  of t h e  fol lowing t e s t  programs: 

a .  Platform Turn-on. V e r i f i c a t i o n  of proper power and gaseous 
n i t rogen ,  sequencing of power, gyro and accelerometer  se rvo  loop 
checks and alignment.  
b .  Platform S t a t u s .  V e r i f i c a t i o n  of a l l  p la t form parameters.  
c. Azimuth Laying Program. P o s i t i o n  t h e  p la t form t o  t h e  p re sc r ibed  
f l i g h t  azimuth. 

Power t r a n s f e r  is  i n i t i a t e d  a t  T-29 minutes.  The f l i g h t - t y p e  b a t t e r i e s ,  loca-  
t ed  i n  t h e  o v e r a l l  t e s t  room, and a l l  f l i g h t  systems are c l o s e l y  monitored. 
The launch v e h i c l e  i s  then  re turned  t o  e x t e r n a l  power. S t a r t i n g  a t  T-24 minutes ,  
t h e  remaining t e s t  programs a r e  c a l l e d  up i n  sequence and executed. These 
c o n s i s t  of t h e  following: 

1. Network s imula t ion  t e s t  t h a t  f u n c t i o n a l l y  checks and s e t s  up t h e  
o v e r a l l  test  equipment used t o  provide simulated v e h i c l e  func t ions  i n  t h e  
p l u s  count.  

2. Telemetry p r e f l i g h t  c a l i b r a t i o n  t e s t .  

3.  Remote automatic  c a l i b r a t i o n .  

4. Platform gimbal ang le  read.  

5. Launch veh ic l e  d i g i t a l  computer prepared-for-launch r o u t i n e  (s imulated 
f l i g h t  op t ion ) ,  which pu t s  t h e  computer i n  t h e  proper  mode t o  r ece ive  
guidance a l e r t ,  guidance r e l e a s e ,  and t o  sense  l i f t o f f .  (Guidance r e l e a s e ,  
when received by t h e  c o n t r o l  and checkout system, commands the  s t a b i l i z e r  
platform t o  the  i n e r t i a l  mode.) 

6.  Simulated f l i g h t  monitor,  which monitors a l l  of t h e  f l i g h t  sequence 
commands. 
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A t  T-3 minutes 7 seconds the  automatic  launch sequence i s  s t a r t e d  i s s u i n g  a l l  
necessary commands f o r  engine i g n i t i o n  and l i f t - o f f .  L i f t -o f f  s t a r t s  t h e  
f l i g h t  sequence phase of t he  t e s t .  

From t h i s  p o i n t  on, t h e  space v e h i c l e  is  e s s e n t i a l l y  i s o l a t e d  from t h e  c o n t r o l  
and checkout systems except  f o r  some c r i t i c a l  c i r c u i t s  t h a t  a r e  requi red  t o  
ensure  s a f e  c o n t r o l  of t h e  v e h i c l e  and t o  r e i n i t i a l i z e  ground c o n t r o l  i f  t h e  
need should a r i s e .  The a c t u a l  f l i g h t  program of t h e  v e h i c l e  is  used by t h e  
launch v e h i c l e  computer which, i n  a d d i t i o n  t o  so lv ing  t h e  complex guidance 
problems, provides t h e  proper sequencing of a l l  necessary func t ions .  

E . POST-TEST OPERATIONS 

The pos t - t e s t  opera t ions  involve  two major func t ions :  rees tab l i shment  of t h e  
space v e h i c l e  system w i t h  t h e  c o n t r o l  and,checkout  equipment and d e t a i l e d  
eva lua t ions  of a l l  v e h i c l e  systems performance. The rees tab l i shment  of t h e  
v e h i c l e  wi th  t h e  ground system c o n s i s t s  of a  complete i n spec t ion  of a l l  d i s -  
connected umbi l i ca l s ,  reconnect ing,  r e s e t t i n g  of requi red  v e h i c l e  systems, 
and a  complete power shutdown. 

The p o s t - t e s t  c r i t i q u e ,  conducted immediately fol lowing t h e  completion of t h e  
t e s t ,  is  normally an  open d i scuss ion  where t h e  performance of each system i s  
discussed and any anomalies repor ted  a s  seen by v i s u a l  observa t ions ,  and from 
information rece ived  by rea l - t ime a n a l y s i s .  

The launch v e h i c l e  c o n t r o l  and checkout systems provide t ime-his tory p r i n t o u t s  
of a l l  d i s c r e t e  28-volt s i g n a l s  sensed o r  i s sued  by t h e  Sa turn  ground computer 
complex and a l l  28-volt s i g n a l s  sensed by t h e  d i g i t a l  event  eva lua to r s .  Spe- 
c i a l  pos t -ana lys is  programs a r e  used t o  check time r e l a t i o n s h i p s  between any 
combination of d i s c r e t e s  f o r  any time per iod .  This d a t a  is  a v a i l a b l e  t o  a i d  
i n  t h e  eva lua t ion  of launch v e h i c l e  c o n t r o l  and checkout system performance. 

The Cen t r a l  Ins t rumenta t ion  F a c i l i t y  provides a l l  f l i g h t  system d a t a  process- 
ing.  Quick-look d a t a  i s  usua l ly  a v a i l a b l e  i n  s i x  hours .  Complete post- 
processed t e s t  d a t a  i s  usua l ly  a v a i l a b l e  one working day fol lowing t h e  t e s t .  
The d a t a ,  cons i s t i ng  of X-Y time p l o t s ,  o sc i l l og raph  s t r i p  c h a r t s ,  and d i g i t a l  
p r i n t o u t s  a r e  d isp layed  i n  s p e c i a l  eva lua t ion  rooms. A l l  of t h e s e  records  
inc lude  range timing and a r e  marked f o r  s i g n i f i c a n t  event  occurrences such a s  
i g n i t i o n ,  l i f t o f f ,  s t a g e  c u t o f f s ,  e t c .  Spec ia l  p r i n t o u t s  a r e  provided t o  t h e  
launch v e h i c l e  guidance personnel .  

Evaluat ion by t h e  cognizant  system t e s t  engineer  c o n s i s t s  of a  complete exami- 
n a t i o n  f o r  normal and abnormal system responses;  t h i s  inc ludes  t r ends ,  d r i f t s ,  
o s c i l l a t i o n s ,  no i se ,  r e l a t i o n s h i p s  wi th  o the r  events ,  parameter va lues ,  and 
c o r r e c t  time of events .  A l l  anomalies must be  reso lved  p r i o r  t o  con t inua t ion  
of v e h i c l e  checkout. 



SECTION 111 
SPACE VEHICLE CONTROL AND CHECKOUT SYSTEM 

INTRODUCTION 

The Saturn/Apollo space  v e h i c l e  c o n t r o l  and checkout system (Figure 3-1) 
c o n s i s t s  of f i v e  major systems t i e d  toge the r  w i th  s t r i n g e n t  i n t e r f a c e  c o n t r o l  
t h a t  involves d i v i s i o n  of systems and subsystems func t ions .  This  p o r t i o n  of 
t he  d i scuss ion  concerns t h r e e  of t h e s e  systems: launch v e h i c l e  instrumenta- 
t i o n ;  Sa turn  ground computer complex; and e l e c t r i c a l  d i s t r i b u t i o n  and c o n t r o l .  
Together,  t h e s e  t h r e e  systems c o n s t i t u t e  t he  Saturn/Apollo launch v e h i c l e  
c o n t r o l  and checkout system. The Cen t r a l  Ins t rumenta t ion  F a c i l i t y  and Space- 
c r a f t  Checkout a r e  d iscussed  only where d i r e c t  launch v e h i c l e  opera t ions  a r e  
involved. 

Each system supp l i e s  command func t ions  and makes i n t e l l i g e n c e  information 
a v a i l a b l e  t o  o t h e r  systems and t o  ope ra t iona l  personnel .  The ins t rumenta t ion  
system provides i n t e l l i g e n c e  information of t h e  t o t a l  v e h i c l e  system whenever 
requi red .  The Sa turn  ground computer complex provides both command func t ions  
and s e l e c t a b l e  i n t e l l i g e n c e  information i n  t he  automatic  o r  semiautomatic mode. 
The e l e c t r i c a l  d i s t r i b u t i o n  and c o n t r o l  system provides both command func t ions  
and continuous i n t e l l i g e n c e  information.  Each system has t h e  fol lowing f e a t u r e s :  

Timing inpu t s .  
Bu i l t - i n  s e l f  check. 
Bu i l t - i n  t e s t  po in t s .  
Extensive independence i n  opera t ions .  
Logging and recording devices .  
Redundant pa ths .  
Se l ec t ab le  rea l - t ime d a t a  r e t r i e v a l  and d i sp l ay .  
I n t e r r u p t  c a p a b i l i t i e s  and p r i o r i t y  con t ro l .  

A. ONBOARD LAUNCH VEHICLE SYSTEMS 

The v e h i c l e  systems provide t h e  necessary c o n t r o l  and monitoring of t h e  launch 
v e h i c l e  throughout t h e  Saturn/Apollo mission inc luding  the  powered phase of 
f l i g h t ,  e a r t h  o r b i t a l  i n j e c t i o n ,  and coas t .  These systems a r e  gene ra l ly  
ca tegor ized  a s  follows: Guidance & Control ;  Instrumentat ion;  E l e c t r i c a l ;  and 
Mechanical. A t y p i c a l  Sa turn  I B  v e h i c l e  systems flow is  shown i n  Figure 3-2. 

1. Guidance and Control  

The guidance and c o n t r o l  systems c o n s i s t  of t h e  i n e r t i a l  p la t form,  c o n t r o l ,  
and launch v e h i c l e  d i g i t a l  computerldata adapter  systems. These systems 
determine the  v e h i c l e ' s  p o s i t i o n  and v e l o c i t y ,  c a l c u l a t e  t he  maneuvers 
necessary t o  achieve proper o r b i t ,  genera te  s t e e r i n g  commands, and provide 
sequence c o n t r o l  of t he  launch veh ic l e .  

The i n e r t i a l  p la t form provides veh ic l e  a t t i t u d e  and i n e r t i a l  v e l o c i t y  t o  
t he  launch v e h i c l e  d i g i t a l  computer f o r  determinat ion of a c t u a l  v e h i c l e  
p o s i t i o n  and v e l o c i t y .  A t t i t u d e  and v e l o c i t y  measurements a r e  routed 
through t h e  d a t a  adapter  which i s  the  inpu t lou tpu t  device  f o r  t he  computer. 



INSTRUMENTATION 

F i g u r e  3-1. Sa tu rn /Apol lo  C o n t r o l  and Checkout System (Sheet 1 of 2 )  
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INSTRUMENTATION 

F i g u r e  3-1. Sa tu rn /Apol lo  C o n t r o l  and Checkout System (Sheet 2 of  2)  
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F i g u r e  3-2. T y p i c a l  S a t u r n  I B  V e h i c l e  Sys tem Flow 
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The adapter  b u f f e r s  a l l  d i s c r e t e s  and provides ana log- to-d ig i ta l  conver- 
s i o n  of a l l  d a t a  requi red  by the  computer. Within t h e  computer, t he  
a c t u a l  a t t i t u d e  d a t a  i s  compared wi th  the  des i r ed  a t t i t u d e  computed from 
the  information s e n t  by t h e  platform. The r e s u l t  i s  the  requi red  
s t e e r i n g  command and time-for-engine-cutoff.  The c o n t r o l  system combines 
t h e  s t e e r i n g  commands wi th  the  v e h i c l e  angular  r a t e  s i g n a l s  i n  t h e  f l i g h t  
c o n t r o l  computer. This  computer i s  an analog device which sums, f i l t e r s ,  
and s c a l e s  each of t h e  s i g n a l s ,  and commands t h e  app ropr i a t e  engine 
a c t u a t o r  and a u x i l i a r y  propuls ion  system. 

2. Ins t rumenta t ion  

The Ins t rumenta t ion  system i s  f u n c t i o n a l l y  d iv ided  i n t o  (1) Measuring/ 
te lemet ry  systems t h a t  measure and t ransmi t  d a t a  represent ing  launch 
v e h i c l e  phys i ca l  q u a n t i t i e s  t o  ground s t a t i o n s  ; and' (2 )  ~ a d i o  command/ 
t r ack ing  systems t h a t  provide f o r  d a t a  t ransmission t o  t h e  launch v e h i c l e  
d i g i t a l  computer, r a d i o  commands t o  t h e  launch v e h i c l e  range s a f e t y  
systems,and continuous launch v e h i c l e  t r ack ing  during powered and o r b i t a l  
f l i g h t .  

The measuring systems condi t ion  t h e  s i g n a l ,  o r  q u a n t i t i e s  t o  be measured, 
f o r  acceptance by the  va r ious  s t a g e  te lemetery l i n k s  f o r  t ransmiss ion  t o  
ground s t a t i o n s .  A remote c a l i b r a t i o n  system permits  c a l i b r a t i o n  of a l l  
measurements p r i o r  t o  launch by s u b s t i t u t i o n  of high and low c a l i b r a t i o n  
s i g n a l s  from t h e  t ransducer  i npu t s  t o  the  s i g n a l  condi t ioners .  Each 
v e h i c l e  s t a g e  c a r r i e s  an independent te lemetery system t o  modulate t h e  
measuring s i g n a l  i n t o  r a d i o  frequency f o r  t ransmiss ion  t o  ground s t a t i o n s .  
The te lemetery systems i n  t h e  launch v e h i c l e  u t i l i z e  t h r e e  d i f f e r e n t  
modulation techniques;  PAM/FM/FM, SS/FM, and PCM/FM. A d i g i t a l  d a t a  
a q u i s i t i o n  system i n  each s t a g e  i s  a s soc i a t ed  wi th  each PCM/FM telemetery 
system. This  system t ime- in tegra tes  t h e  PAM analog and d i g i t a l  s i g n a l s  
i n t o  a  s i n g l e  PCM output  and t r ansmi t s  t h i s  information by coax ia l  cab le  
o r  r a d i o  frequency t o  d i g i t a l  r ece iv ing  s t a t i o n s  loca t ed  i n  t h e  launch 
c o n t r o l  cen te r ,  o r  on t h e  mobile launcher .  A computer i n t e r f a c e  u n i t  i n  
t he  instrument  u n i t  provides t h e  means f o r  t he  launch v e h i c l e  d i g i t a l  
computer t o  s e l e c t  des i r ed  v e h i c l e  d a t a .  

The range s a f e t y  command systems, l oca t ed  i n  t he  propuls ion  s t a g e s  of t he  
launch v e h i c l e ,  have the  primary purpose of te rmina t ing  t h e  v e h i c l e  f l i g h t  
by r ad io  command from t h e  ground i f  t h e  v e h i c l e  dev ia t e s  beyond acceptab le  
l i m i t s .  Each s t a g e  system uses dua l  rece iv ing  antennas,  power d i v i d e r s ,  
command r e c e i v e r s ,  and d i g i t a l  decoders a l l  connected i n  p a r a l l e l .  The 
instrument  u n i t  command system c o n s i s t s  of a  command r e c e i v e r ,  decoder,  
and antennas,  and i s  used t o  r e c e i v e  and decode d i g i t a l  information t rans-  
mi t ted  from ground s t a t i o n s  t o  t h e  launch v e h i c l e  d i g i t a l  computer. 
Message v e r i f i c a t i o n  i s  achieved by t ransmission over t he  PCM/M system 
back t o  the  ground s t a t i o n s .  The launch v e h i c l e  c a r r i e s  s e v e r a l  t r ack ing  
t ransponders  t o  provide continuous t racking  during powered f l i g h t  i n t o  
e a r t h  o r b i t .  A common antenna used f o r  rece iv ing  and t r ansmi t t i ng  i s  
provided f o r  each t ransponder .  Various ground s t a t i o n s  throughout t h e  
world-wide t r ack ing  network provide p r e c i s e  real- t ime t r ack ing  f o r  range 
s a f e t y  and f o r  pos t - f l i gh t  eva lua t ion ,  



3. E l e c t r i c a l  

The e l e c t r i c a l  systems supply and d i s t r i b u t e  t h e  power and con t ro l  s i g n a l s  
t o  checkout, monitor, and operate the  various subsystems of t h e  launch 
vehicle.  Prelaunch ac and dc power i s  supplied from t h e  ground support 
equipment, and i n f l i g h t  power i s  supplied by 28-volt b a t t e r i e s  i n s t a l l e d  
i n  the instrument compartments of the  various s tages .  Dis t r ibu to r s  
i n s t a l l e d  throughout the  s tages  d i s t r i b u t e  power and con t ro l  s igna l s  t o  
t h e  various subsystems. F l e x i b i l i t y  i n  the  d i s t r i b u t i o n  system i s  
achieved by using separa te  d i s t r i b u t o r s  f o r  power, control ,  measuring, and 
propulsion c i r c u i t r y .  The i n t e r f a c e  between vehic le  c i r c u i t r y  and the  
ground support equipment is maintained through umbil ical  connections i n  
each s t age  of the  veh ic le  and on the  s h o r t  cable mast i n  t h e  f i r s t  s tage .  
The philosophy of t h e  launch vehic le  sequent ia l  system is t o  u t i l i z e  the  
launch veh ic le  d i g i t a l  computer f o r  timing sequences whenever possible.  
To ensure c m p a t i b i l i t y  between the  launch veh ic le  d i g i t a l  computer and 
t h e  o ther  s tages ,  a switch se lec to r  f o r  each s t a g e  is used a s  an i n t e r f a c e  
un i t .  A switch s e l e c t o r  is bas ica l ly  a series of low power switches, the  
input  of which i s  individual lv  se lec ted  and control led  by a coded address 
word from t h e  launch vehic le  d i g i t a l  computer. The switch s e l e c t o r  
i n t e r n a l l y  decodes t h e  e ight -bi t  address word and furnishes  an output from 
one of 111 r e l a v  d r ive r  o u t ~ u u .  The design of t h e  switch s e l e c t o r  is 
such t h a t  any word o r  its compliment w i l l  g ive  exact ly  the  s a m e  output. 
I n  addi t ion  t o  being addressed by the  launch veh ic le  computer, the  switch 
s e l e c t o p y  ~n be addressed f50m t h e  P -~uter o r  t h e  manu- 
panel i n  t h e  launch control  center  through t h e  umbil ical  connections. 
I 

- - 

4. Mechanical 

The launch veh ic le  mechanical systems cons i s t  of t h e  s t r u c t u r e  propul- 
s ion  and propel lant  systems which provide t h e  necessary control led  power 
t h r u s t  during a l l  phases of f l i g h t .  

Each propulsion s tage  s t r u c t u r e  contains a propel lant  tank assembly which is  
divided i n t o  separa te  containers f o r  the  f u e l  and oxidizer  (RP-1 and 
l i q u i d  oxygen f o r  the  f i r s t  s tage ,  l i q u i d  hydrogen and l i q u i d  oxygen f o r  
t h e  upper s t ages ) .  The propel lant  system cons i s t s  of components t h a t  load 
propel lant  from a ground source, s t o r e  t h e  propel lant ,  and supply i t  t o  
t h e  engine system at the  proper pressure. Hydraulic ac tuat ions  of t h e  
gimbal engine system (four gimbaled engines on the  lower s t ages  and one 
engine on t h e  S-IVB Stage) provide the  necessary t h r u s t  vector  con t ro l  
during powered f l i g h t .  An aux i l l a ry  propulsion system on t h e  S-IVB s tage  
provides r o l l  con t ro l  during powered f l i g h t  and complete t h r u s t  vector  
control  during the  coas t  phase. 

B. ELECTRICAL CONTROL AND DISTRIBUTION SYSTEM 

The control  and checkout system is comprised of numerous individual ly  operated 
elements of ground support equipment and a mul t i s tage  vehic le  thaf a r e  widely 
separated i n  physica l  location,  y e t  completely in tegra ted  i n t o  one complex 
system. This presents  the  complex task  of maintaining the  interconnecting 
communication l i n e  necessary f o r  continuous control  and monitor. The th ree  



separa te  areas  of t h e  launch complex ( t h e  launch con t ro l  center ,  pad/automatic 
ground con t ro l  s t a t i o n  o r  mobile launcher, and the  space vehicle)  a r e  connec- 
t e d  by permanent long-run, multiconductor and coaxial  cable  runs. The cables 
have terminal  d i s t r i b u t o r s  a t  each end t o  provide termination and d i s t r i b u t i o n  
points .  A d i s t r i b u t i o n  flow diagram i s  shown i n  Figure 3-3. 

Further d i s t r i b u t i o n  a t  each area  i s  accomplished by u t i l i z i n g  programmable 
ca tch  d i s t r i b u t o r s  connected by shor te r  multiconductor cables t o  t h e  terminal  
d i s t r i b u t o r s  and t o  a l l  ground support system equipment. Any s i g n a l  orig-  
ina t ing  a t  a  veh ic le  component and a r r iv ing  a t  t h e  mobile launcher program 
d i s t r i b u t o r ,  v i a  the  power terminal  d i s t r i b u t o r ,  can be routed t o  the  launch 
con t ro l  center  and then rerouted by patching t o  t h e  appropr ia te  con t ro l  panel.  
Another s i g n a l  leaving the  same umbil ical  connection on a d i f f e r e n t  conductor 
may a r r i v e ,  by patching, a t  t h e  e l e c t r i c a l  support equipment computer in te r face .  
This system has  v i r t u a l l y  eliminated the  need f o r  spec ia l ly  b u i l t  multiconnector 
sp ide r  cables,  and provides t h e  mainta inabi l i ty  necessary t o  keep pace wi th  t h e  

- - -. - - veh ic le  and ground support equipment changes - 

Numerous programmable d i s t r i b u t o r s  a r e  e i t h e r  s t age  o r  system or iented  f o r  use 
in- in terconnect ing the  equipment within a given system,or may be designated 
as in tegra t ion  d i s t r i b u t o r s  used t o  provide the  buffer ing between d i f f e r e n t  
s t a g e  e l e c t r i c a l  support equipment. Each d i s t r i b u t o r  contains the  c i r c u i t  
l o g i c  required t o  i n t e r l o c k  con t ro l  functions f o r  equipment and personnel 
sa fe ty ,  and t o  properly sequence functions during checkout operat ions.  

1. Sequencers and Power Subsystem 

Included i n  the  e l e c t r i c a l  control  and d i s t r i b u t i o n  system a r e  the  power 
subsystem and t h e  terminal  countdown and i g n i t i o n  sequencer. I n  t h e  
Saturn I B ,  t he  terminal countdown sequencer i s  located i n  one of t h e  
launch con t ro l  center  panels. The sequencer i s  a r e l a y  device consis t ing  
of th ree  decimal counters and output gat ing u t i l i z e d  during the  f i n a l  163 
seconds of the  countdown t o  perform such funct ions  a s  propel lant  tank 
p w n ,  switching from external  t o  i n t e r n a l  power, and s t a r t  and 
termination of l i q u i d  oxygen bubbling. The sequencer operates on a one- 
pulse-per-secona s i g n a l  from the  countdown clock and i s  s t a r t e d  manually. 

The i g n i t i o n  sequencer located i n  the  launch pad area  i s  a s o l i d  state 
device s t a r t e d  a t  T-3 seconds by a s i g n a l  from t h e  terminal countdown 
sequencer. A 400-cycle per second input  s i g n a l  dr ives  binary counters 
within the  sequencer. The output of the  counters is gated t o  the  output  
r e lay  d r ive r  c i r c u i t s  t o  produce four 28-volt output s igna l s  a t  100- 
millisecond i n t e r v a l s .  The sequencer i s  used t o  provide the  i g n i t i o n  
s t a r t  s igna l s  f o r  the  booster  s tage.  $n the  ~ a t u k n  V system, both t h e  
terminal  c  '0 e r s  a r e  combined i n t o  one sol id-  

l n c h e r  - . 
Power requirements f o r  ground support equipment and f o r  the  launch vehic le  
p r i o r  t o  power t r ans fe r  t o  i n t e r n a l  b a t t e r i e s  i s  provided from 28-volt 
power supplies and 400-cycle per second generators and s t a t i c  i n v e r t e r s ,  
located i n  the  launch control  center  and a t  the  pad area. The 28-volt dc 
suppl ies  a r e  backed up with 30-volt dc emergency b a t t e r i e s .  I n  t h e  event 
of a  power supply f a i l u r e ,  the  bus monitor c i r c u i t r y  w i l l  automatical ly 
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switch t h e  bus t o  t h e  30-volt b a t t e r y  tap.  An a u x i l i a r y  24-volt b a t t e r y  
t ap  i s  a l s o  provided t o  maintain the  bus vol tage  a t  a minimum value  during 
switching. The power supp l i e s  a r e  normally con t ro l l ed  and monitored from 
t h e  LCC. Local c o n t r o l  is a l s o  a v a i l a b l e  by removing t h e  power supply 
con t ro l  cab le  and i n s t a l l i n g  a b l ind  plug t o  a c t i v a t e  t h e  l o c a l  c o n t r o l s  
and ind ica to r s .  

2. Propel lant  Loading 

The p rope l l an t  loading system provides s to rage  and t r a n s f e r  f a c i l i t i e s  
f o r  t h e  th ree  types of p rope l l an t s  (RP-1, l i q u i d  oxygen, and l i q u i d  - - - - 

hydrogen) used i n  t h e  v e h i c l e  s tages .  There a r e  two modes of opera t ion  
f o r  any f i l l  o r  d r a i n  sequence: (1) automatic with manual overr ide ,  a n h  
(2) a s imula te  mode f o r  test purposes t h a t  permits  checkout of t h e  system 
w i t h o u t ~ o f  propel lant .  

A l l  veh ic l e  s t a g e  tank loading opera t ions  a r e  s i m i l a r  and c o n s i s t  of t h e  
following, a s  shown i n  Figure 3-4. Command o r  monitor funct ions  on t h e  
con t ro l  and monitor panels ,  loca ted  i n  t h e  launch c o n t r o l  cen te r ,  a r e  
t ransmi t ted  t o  o r  from t h e  pad s to rage  area ,  mobile launcher,  and pad 
terminal  connector room by a d i g i t a l  t ransmission system. Launch Complexes 
34 and 37 u t i l i z e  hardwire f o r  t h i s  purpose. The e l e c t r i c a l  s i g n a l s  a r e  
used t o  con t ro l  pressure  f o r  operat ion of t h e  appropr i a t e  va lves  i n  
t h e  s to rage  a rea  and mobile launcher. When t h e  system is operat ing i n  t h e  
automatic mode a l l  commands a r e  sequenced from r e l a y  l o g i c  loca ted  i n  t h e  
p rope l l an t  system network patch d i s t r i b u t o r  i n  t h e  pad te rminal  connector 
room. 

The p rope l l an t  tanking computer system ( ~ i g u r e  3-5) accura te ly  determines 
t h e  quan t i ty  of p rope l l an t  on board each s t age  tank,  condit ions t h i s  
information f o r  use by t h e  p rope l l an t  con t ro l  network and con t ro l s  t h e  
replenish ing  cycle.  The d i g i t a l  event evalua tor  records d i s c r e t e  even t s -  
and t ransmi ts  d i s c r e t e  s t a t u s  t o  t h e  l i n e  ~ r i w ,  i n  the  launch c o n t r o l  
c- The p rope l l an t  tanking computer system (an analog device) 
provides independent c o n t r o l  of each veh ic l e  tank and has an independent 
manual mode of operat ion.  Each ind iv idua l  p rope l l an t  tank has a complete 
computer system which compares propel lant - level - indica t ion  inpu t s  from a 
level-sensing system, aboard each veh ic l e  tank, wi th  a r e fe rence  standard.  
I n  t h e  computer, t he  s i g n a l  is f i l t e r e d  and introduced t o  a summarizing 
network, where t h e  "level"  s i g n a l  is compared wi th  the  r e fe rence  s i g n a l  
whose value is  equivalent  t o  a 100 percent  f l i g h t  mass. The e r r o r  s i g n a l  
i s  amplified and routed through t h e  p rope l l an t  networks t o  t h e  automatic 
va lve  con t ro l  assembly. Here t h e  s i g n a l  i s  used t o  c o n t r o l  pressure  
which i n  t u r n  con t ro l s  t h e  s e t t i n g  of the  r ep len i sh  valve.  The f i l t e r e d  
s i g n a l  is  a l s o  fed  i n t o  a rat iometer  and converted i n t o  a pneumatic 
s i g n a l  equivalent  t o  t h e  propel lant  tanks level ( i n  pe rcen t ) .  This s i g n a l  
is then routed i n t o  t h e  d i s c r e t e  generator  where it i s  compared with 
p r e s e t  d i s c r e t e  va lues  ( l e v e l  po in t s ) .  A s  each one of these  s p e c i f i c  
po in t s  is  reached, a s i g n a l  i s  t ransmi t ted  t o  t h e  p rope l l an t  c o n t r o l  
networks. The automatic f i l l i n g  cycle  f o r  t h e  p rope l l an t  tanks is  a 
p rec i se ly  organized sequence of events  cont ro l led  by the  s p e c i f i c  tank 
l eve l s .  I f  a malfunction occurs i n  t h e  automatic mode, t h e  opera tor  can 



switch t o  t he  manual mode which provides a  d i g i t a l  s i g n a l  i npu t  t o  a  
d ig i ta l -ana log  conver te r .  The analog output  i s  then fed  through an 
ampl i f i e r  t o  t h e  manual va lue  c o n t r o l  assembly, which a l s o  a d j u s t s  t h e  
r ep l en i sh  value.  The opera tor  can a l s o  in t roduce  d i s c r e t e  s i g n a l s  i n t o  
the  p rope l l an t  c o n t r o l  networks. 

The d a t a  t ransmiss ion  system (Figures  3-6 and 3-7) i s  an i n t e g r a l  p a r t  
of t h e  p rope l l an t  loading system a t  launch complex 39. There a r e  two 
s i m i l a r  system conf igu ra t ions .  One is loca t ed  i n  t he  launch c o n t r o l  
cen te r  and the  o t h e r  a t  t h e  pad te rmina l  connection room. Each f e a t u r e s  
a  MODEM (Modulator-Demodulator) with timing and l o g i c  i npu t  and output  
processing provis ions .  The system rece ives ,  mul t ip lexes ,  and t r ansmi t s  
c o n t r o l  s i g n a l s  and s t a t u s  information between t h e  launch c o n t r o l  c e n t e r  
pane ls  and t h e  systems pa tch  rack  i n  t h e  pad te rmina l  connection room. 
Zero o r  28-volt dc d i s c r e t e  s i g n a l s  (1464) and zero t o  5-volt  dc analog 
s i g n a l s  (104) a r e  processed and t r ansmi t t ed  from t h e  pad t o  t h e  launch 
c o n t r o l  cen te r .  D i sc re t e  s i g n a l s  (952) a r e  processed i n  t h e  reversed  
d i r e c t i o n ,  

The d i g i t a l  event  eva lua to r  (Figure 3-8) , located i n  t h e  pad te rmina l  
connect ion room a t  launch complex 39 and i n  t he  launch c o n t r o l  c e n t e r  
a t  launch complex 34 and 37, provides a  rea l - t ime record of p rope l l an t  
loading events .  This system c o n s i s t s  of a  d i g i t a l  computer, t e l e type -  
w r i t e r ,  a  l i n e  p r i n t e r  and coupler ,  a  magnetic t ape  u n i t ,  and a  d a t a  
a q u i s i t i o n  and eva lua t ion  cabine t .  A t o t a l  of 768 input  s i g n a l s  a r e  
de t ec t ed  and recorded. The t e l e t y p e w r i t e r  i s  used f o r  d i r e c t  ope ra to r  
con t ro l .  The d a t a  a q u i s i t i o n  and eva lua to r  system scans t h e  s t a t u s  of 
a l l  d i s c r e t e s  and compares each s t a t e  wi th  t h e  previous s t a t e .  A l l  
de t ec t ed  changes a r e  p r i n t e d  ou t  on a  600 line-per-minute p r i n t e r  a s  w e l l  
a s  on magnetic and paper tape .  

3. Launch Control  Center 

The f i r i n g  room i n  t h e  launch c o n t r o l  cen te r  (Figure 3-9) provides t h e  
man-machine i n t e r f a c e  t h a t  allows t h e  t e s t  engineer  t o  c o n t r o l  and monitor 
t h e  Sa turn  v/Apollo checkout system. The c o n t r o l  consoles  a r e  s t a g e  and 
system o r i en t ed  f o r  ope ra t iona l  convenience, and perform t h e  fol lowing 
func t ions :  

a .  I n i t i a t e s  command func t ions  from t h e  c o n t r o l  pane ls  and computer 
d i sp l ay  console .  

b .  Monitors v e h i c l e  and checkout system responses.  

c .  Preserves  c r i t i c a l  measurements f o r  permanent record and 
eva lua t ion  on s t r i p  c h a r t  recorders .  

d. Visual  s u r v e i l l a n c e  of remote a reas  of t h e  launch complex v i a  
t h e  ope ra t iona l  t e l e v i s i o n  system. 

e ,  Maintains c o r r e c t  ope ra t iona l  sequence by u t i l i z a t i o n  of t h e  
ope ra t iona l  intercommunications system and the  countdown c lock  
readouts .  
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Figu re  3-6. Data Transmiss ion System, Launch Cont ro l  Center 
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The Fl ight  Control Computer Console (Figure 3-10) i s  t y p i c a l  of monitor 
and control  panels containing con t ro l  switches and display  devices used 
by t h e  system test engineer during checkout operat ions.  

Each vehic le  s t age  is  control led  by separa te  consoles i n  the  f i r i n g  room, 
and consequently the  d i s c r e t e  information from a p a r t i c u l a r  s t age  is 
displayed a t  widely separated locations.  Stage-oriented d i g i t a l  event 
readout display panels (Figure 3-11) a r e  u t i l i z e d  t o  c e n t r a l i z e  t h i s  
information and t o  provide an o v e r a l l  real-time presenta t ion of t h e  
checkout s t a tus .  

Additional d i s c r e t e  monitoring and recording capab i l i ty  i s  provided by 
the  d i g i t a l  event evaluator  (DEE-6) system. This system i s  divided i n t o  
th ree  major subsystems (Figure 3-12): the  con t ro l  subsystem, and d i g i t a l  
computer subsystem located  i n  t h e  mobile launcher area ,  and t h e  remote 
con t ro l  subsystem located  i n  t h e  launch con t ro l  center .  

The 2160 d i s c r e t e  input  l i n e s  i n t o  the  Saturn I B  con t ro l  subsystem a r e  
scanned every one mil l isecond t o  determine t h e  s t a t u s  of a l l  d i s c r e t e  
inputs.  (On Saturn V t h e r e  a r e  4320 input  l i n e s  and t h e  scan r a t e  is 
every two milliseconds.) The con t ro l  subsystem makes a comparison 
between t h e  present  d i s c r e t e  s t a t u s  and t h e  information& s tored i n  t h e  
d 2 g i t a l  computer s y s t e m  frppLfbP pr-an. I f  the  com- 
reveals  t h a t  a d i s c r e t e  change-of-state has occurred, the  d i s c r e t e  
i d s n t i f i c a t i o n  number. new d i s c r e t e  s tage ,  and t i m e  i s  s tored i n  t h e  
digital computer subsystem. This intormation is  then recorded on 
magnetic tape f o r  pos t  d a t a  ans lys i s  and readout t o  per iphera l  equipment 
f o r  immediate evaluation.  

The output of real-time information i s  made ava i l ab le  t o  t h e  l i n e  p r i n t e r s  
(Figure 3-13) associa ted  with t h e  remote control  subsystem, located i n  t h e  
launch control  center .  Each launch vehic le  s t a g e  checkout s t a t i o n  is 
equipped with a separa te  l i n e  p r i n t e r  and only those d i s c r e t e s  associa ted  
with t h a t  s t age  are made avai lable .  A master p r i n t e r  is located  a t  t h e  
remote control  s t a t i o n  and receives d i s c r e t e  information from a l l  s tages .  

4 .  Dis t r ibu to r s  

When cable configurat ion changes become necessaw; due t o  equipment 
addi t ions  o r  dele t ions  d i c t a t e d  by vehic le  o r  payload requirements, only 
rerouting of the  shor t  run cables is required between the  terminal  and 
programmable patch d i s t r i b u t o r s .  

The rack-mounted programmable patch d i s t r i b u t o r s  (Figure 3-15), located 
i n  the  mobile launcher, a r e  the  c e n t r a l  d i s t r i b u t i o n  point  f o r  a f l  
control  and monitor s igna l s .  When configurat ion changes a r e  necessary, 
grogrammable patchboards (Fieure. 3-16) i n  a d i s t r i b u t o r  a r e  removed. and 
the  patch-jumper   ins a r e  ext rac ted  or  inse r t ed  with s p e c i a l  too l s  t o  
meet the  new c i r c u i t  reauirementg. When a patchboard i s  r e i n s t a l l e d ,  t h e  
'patch-pins mate with t h e  corresponding paddle-pins on the  d i s t r i b u t o r  





F i g u r e  3-11. D i g i t a l  Even t s  Readout D i s p l a y  P a n e l  
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Figure 3-12. Digital Events Evaluator, System Block Diagram 
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Figu re  3-14. Terminal D i s t r i b u t o r  
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Figure 3-15. Programmable Patch Distributor Racks 
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mainframe and complete t h e  c i r c u i t  t o  t h e  conductors i n  t h e  cab le s  
connected at  t h e  r e a r  of t h e  pa tch  d i s t r i b u t o r  (Figure 3-17). A t y p i c a l  
program d i s t r i b u t o r  pa tch  c i r c u i t  is shown i n  F igure  3-18. Tes t  p o i n t s ,  
l oca t ed  i n  t h e  f r o n t  of t h e  d i s t r i b u t o r ,  are wired i n  p a r a l l e l  and pro- 
v ide  convenient v e r i f i c a t i o n  of any junc t ion  between c i r c u i t  components 
when i s o l a t i n g  malfunct ions.  The d i s t r i b u t o r  connect ions a l s o  r e c e i v e  
s i g n a l s  from r e l a y  and diode modules and s p e c i a l  components pane ls  
(Figure 3-19) used t o  make up t h e  c i r c u i t  l o g i c  and i n t e r l o c k s  necessary  
i n  c o n t r o l l i n g  checkout opera t ions .  

Each r e l a y  module is provided wi th  e i g h t  c rys ta l -can  r e l a y s  t h a t  a r e  
connected i n t o  t h e  necessary  c i r c u i t r y  by patchboard-jumpers i n  t h e  same 
manner as t h e  conductors of t h e  in te rconnect ing  cables .  

Modulator-type c i r c u i t  boards a r e  mounted on t h e  s p e c i a l  components 
panels .  These a r e  used t o  monitor v e h i c l e  s t a g e  d c  buses,  t o  gene ra t e  
s i g n a l s  used f o r  te lemet ry  c a l i b r a t i o n ,  and t o  rime delay  r e l a y s  r equ i r ed  
f o r  sequencing checkout opera t ions .  Jacks  a r e  provided t o  jumper s p e c i a l  
func t ions  dur ing  t e s t i n g  opera t ions .  

5. S igna l  Condit ioning 

S igna l  condi t ion ing  equipment (Figure 3-20) provides t h e  necessary i n t e r -  
f a c e  between t h e  e l e c t r i c a l  c o n t r o l  and d i s t r i b u t i o n  system and t h e  
Sa turn  ground computer complex. Input  d i s c r e t e s  t o  t h e  computer a r e  
condit ioned t o  suppress  any nega t ive  excurs ions  and t o  e l imina te  double 
ackuat ion due t o  swi tch  o r  r e l a y  contac t .  The d i s c r e t e  output  condit ion-  
ing  c o n s i s t s  of r e l a y  and re lay-dr iver  c i r c u i t r y .  A common dc bus 
provides power f o r  a l l  d r i v e r  c i r c u i t s .  The computer d i s c r e t e  output  
equipment e s t a b l i s h e s  t h e  ground r e t u r n  when any d iscre te -out  i s  t o  b e  
i ssued .  The con tac t  vo l t age  f o r  t h e  d i s c r e t e  output  r e l a y s  i s  suppl ied  
by t h e  p a r t i c u l a r  v e h i c l e  s t a g e  power system a s s o c i a t e d  wi th  t h a t  
pa-r.ticular d i s c r e t e  output ,  and provides t h e  safeguard t h a t  aLlows t h e  
computer system t o  suppor t  any given s t a g e  ope ra t ions  without  t h e  
p o s s i b i l i t y  of any d i s c r e t e s  i ssued  a f f e c t i n g  a s t a g e  t h a t  may be  unmanned. 

6. Countdown Clock 

The countdown c lock  system (Figures  3-21 and 3-22) s u p p l i e s  Greenwich 
mean-time t o  t h e  Sa turn  ground computer complex f o r  t ime c o r r e l a t i o n  of 
d i sp l ay  information.  The clock system a l s o  s u p p l i e s  countdown time t o  
t he  d i g i t a l  events  i valuator and countdown c lock  readouts .  The inpu t  
s i g n a l s  a t  t h e  launch c o n t r o l  cen te r  a r e  obta ined  from t h e  A i r  Force 
Eas te rn  T e s t  Range t iming system and a r e  i n  t h e  form of one pulse-per- 
second and Greenwich mean-time coded pulse?. Synchronizat ion is  
accomplished by p r e s e t t i n g  a Greenwich mean-time i n t o  t h e  c o n t r o l  s e c t i o n  
of t h e  c lock  system. When t h e  Greenwich time s i g n a l  suppl ied  from t h e  
range equa l s  t h e  p r e s e t  time, a synchroniza t ion  pu l se  is generated t o  
g a t e  a 2000 cyc le  Greenwich mean-time, gray-coded, update  s i g n a l  t o  t h e  
clock c i r c u i t r y  f o r  ou tput  t o  t h e  launch c o n t r o l  c e n t e r  computer. The 
Greenwich mean-time update  s i g n a l  is  a l s o  encoded and t ransmi t ted  t o  t h e  
pad a r e a  where i t  is  decoded and suppl ied  t o  t h e  pad a r e a  computer and 
d i g i t a l  events  eva lua to r .  



F i g u r e  3-17. P a t c h  D i s t r i b u t o r ,  Rear View 
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Figure 3-20. Computer Signal Conditioning 
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F i g u r e  3-21. Countdown Clock,  Launch Cont ro l  Center  
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F i g u r e  3-22. Countdown Clock,  Y o b i l e  Launcher 
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The one-pulse-per-second s i g n a l  is used by the  terminal  launch countdown 
sequencer f o r  time sequencing vehic le  functions during t h e  terminal  
por t ion  of the  launch countdown, 

7. Overal l  Test  Room 

During some t e s t i n g  operat ions,  c e r t a i n  vehic le  components cannot sa fe ly  
be actuated,  although feedbacks from these components may be necessary t o  
allow c i r c u i t  in te r locks  f o r  completion of t h e  test i n  progress. Overal l  
test rooms ( ~ i g u r e  3-23) a r e  located i n  the  se rv ice  s t r u c t u r e  on launch 
complexes 34 and 37, and i n  t h e  mobile launcher on launch complex 39. 
These rooms a r e  equipped t o  simulate the  ac tuator  functions.  I n  
r 
general ,  Lne s ~ ~ x n d - i t e m  by 
spec ia l ly  b u i l t  t e s t  cables,  and receive t h e  s t i m u l i  and provide the  
necessary reedbacks normally provided by t h e  subs t i tu ted  components. 
th ismanner .  t h e  e n t i r e  c i r c u i t r y ,  except f o r  t h e  hazardous component, 
functionall;  v e r i f i e d .  ~ x a m ~ l e s -  of these  components a r e  propel lant  tank 
p ressur iza t ion  monitor switches, ordnance items, engine t h r u s t  OK switches 
and veh ic le  f l i g h t  b a t t e r i e s .  Visual. monitoring and s t r i p  char t  
recorders a r e  a l s o  provided i n  the  overa l l  test rooms. 

8. Mechanical 

I n  t h e  vehic le  mechanical systems, much of the  t e s t i n g  and preparat ion 
f o r  launch i s  performed a t  t h e  launch pad area  by use of por table  and 
l o c a l l y  s i t u a t e d  test consoles. The engine servic ing equipment and 
console (Figure 3-24) is  used on launch complex 39 t o  supply a water and 
ethylene-glycol mixture t o  the  engine cooling jackets  on t h e  F-1 engines 
of t h e  Saturn V f i r s t  s tage.  The console provides the  power required t o  
dri.ve t h e  supply pump, t h e  control  f o r  operat ion of t h e  system valves,  
and the  indicat ions  t o  determine when t h e  f i l l i n g  operat ions a r e  complete. 
Both manual and automatic modes of operat ion a r e  ava i l ab le  a s  we l l  a s  
remote operat ion from t h e  launch control  center .  Mode switching i s  
accomplished by controls  on the  l o c a l  console. 

C. COMPUTER COMPLEX 

1. General 

The Saturn V Ground Computer System (Figure 3-25) comprises two computer 
systems one of which i s  located i n  the  LCC, and t h e  o ther  i n  t h e  mobile 
launcher. 

The computer systems, l inked together with a da ta  transmission system, 
cons i s t  of spec ia l ly  b u i l t  i n t e r f a c e  equipment p lus  conventional computer 
elements. Each computer has e igh t  individual  memory elements of 4096 
words, with add i t iona l  s torage  of 32,000 words i n  each computer provided 
by a drum system. Seven buffer  data  channels move data  i n  and out  of the  
memory elements. Each of the  data  channels has been designed t o  in te r -  
face  the  memory system with s p e c i f i c  input - output areas .  The data  
channels associated with the  d i s c r e t e  input  system continuously scan the  
input  d i s c r e t e s  and automatically wr i t e  the  s t a t u s  of these  d i s c r e t e s  i n  
memory blocks i n  predetermined locations.  These da ta  channels a l s o  a l e r t  





F i g u r e  3-24. Engine S e r v i c i n g  Equipment and Console 
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t h e  c o n t r o l  l o g i c  p o r t i o n  of t h e  sys tem through p r i o r i t y  i n t e r r u p t  
c i r c u i t r y  when they  d e t e c t  a change i n  i n p u t  s t a t u s .  The c o n t r o l  p o r t i o n  
of t h e  sys tem i s  t h e n  f r e e  t o  o p e r a t e  on any g iven  problem w i t h o u t  
having t o  i n t e r r o g a t e  t h e  d i s c r e t e  i n p u t  channe l  e x c e p t  when i t  i s  
a l e r t e d .  A s i m i l a r  method i s  employed w i t h  a l l  d a t a  channe l s  t o  a l l o w  
a l l  e lements  of t h e  sys tem t o  o p e r a t e  a s  independen t ly  as p o s s i b l e .  The 
d a t a  channe l  o p e r a t i o n s  a r e  t o t a l l y  independent  of t h e  computer c y c l e  
o p e r a t i o n s  w i t h  t h e  e x c e p t i o n  of t h e  s e t u p  and t e r m i n a t i o n  o p e r a t i o n .  

I n f o r m a t i o n  passed t o  t h e  d a t a  l i n k  sys tem i s  s t o r e d  and r e f o r m a t t e d  i n  
t h e  d a t a  l i n k  t e r m i n a l  f o r  t r a n s m i s s i o n  t o  t h e  cor responding  d a t a  l i n k  
t e r m i n a l  a t  t h e  o t h e r  computer system. A d a t a  b l o c k  t r a n s m i s s i o n  is  
accomplished u t i l i s i n g  h o r i z o n t a l  and v e r t i c a l  p a r i t y  checking t o  
v i r t u a l l y  e l i m i n a t e  u n d e t e c t e d  e r r o r s  i n  t r a n s m i s s i o n .  Redundant d a t a  
l i n k  sys tems have been p rov ided .  

The d i s c r e t e  o u t p u t  sys tem i s  t r ip le-modular- redundant  w i t h  m a j o r i t y  
v o t i n g  on each o f  t h e  o u t p u t  channe l s .  Independent power s u p p l i e s  a r e  
p rov ided  f o r  each group of d i s c r e t e  o u t p u t  channe l s .  With t h i s  conf igura -  
t i o n ,  i f  t h e  computer f a i l s ,  t h e  d i s c r e t e  o u t p u t  s t a t u s  i s  main ta ined  and 
can b e  c o n t r o l l e d  from a manual c o n t r o l  p a n e l  i n  t h e  l aunch  c o n t r o l  c e n t e r .  

The i n t e r f a c e  w i t h  t h e  d i g i t a l  d a t a  a c q u i s i t i o n  sys tem i s  accomplished 
through a  memory e lement  i n  t h a t  sys tem s o  t h a t  any g i v e n  parameter  d a t a  
can b e  accessed  immediately by t h e  computer w i t h o u t  hav ing  t o  w a i t  f o r  
t h e  normal computer p r o c e s s i n g .  Through t h i s  i n t e r f a c i n g  method t h e  
computer h a s  random a c c e s s  t o  a l l  a c q u i s i t i o n  sys tem d a t a .  

The communication between t h e  S a t u r n  ground computer and t h e  l a u n c h  
v e h i c l e  d i g i t a l  computer /data  a d a p t e r  i s  through t h e  pad a r e a  ground 
computer inpu t -ou tpu t  r e g i s t e r  and s i g n a l  c o n d i t i o n i n g  equipment.  Data 
communications between t h e  two asynchronous d e v i c e s  i s  c o n t r o l l e d  by 
p r i o r i t y  i n t e r r u p t s .  

I n  t h e  launch c o n t r o l  c e n t e r ,  a  d a t a  channe l  i s  u t i l i z e d  t o  i n t e r f a c e  
w i t h  t h e  d i s p l a y  sys tem.  A t  l aunch  complex 39, t h e  d i s p l a y  sys tem 
p r o c e s s o r  c o n t a i n s  a  s e p a r a t e  d i g i t a l  computer t h a t  r e c e i v e s  b a s i c  d a t a  
from t h e  l aunch  c o n t r o l  c e n t e r  computer a s  t h e  r e s u l t  of r e q u e s t  by t h e  
d i s p l a y  o p e r a t o r  o r  a  program o p e r a t i n g  i n  t h e  computer.  Th i s  d a t a  i s  
t h e n  a d j u s t e d ,  f o r m a t t e d ,  and d i s p l a y e d  on a  cathode-ray t u b e .  

A t  l aunch  complex 34 and 37, d i s p l a y  sys tem p r o c e s s i n g  i s  performed by 
t h e  l a u n c h  c o n t r o l  c e n t e r  computer. The p r o c e s s o r  f o r m a t s  t h e  d i s p l a y  
d a t a  and p a s s e s  t h e  g r a p h i c  and a lphanumeric  d i s p l a y  i n f o r m a t i o n  through 
t h e  d a t a  channe l  t o  t h e  d i s p l a y  conso le .  The d i s p l a y  c o n s o l e  keyboard 
p rov ides  t h e  communication l i n k  between t h e  c o n s o l e  o p e r a t o r  and t h e  
l aunch  c o n t r o l  c e n t e r  computer. 

Two inpu t -ou tpu t  d a t a  channe l s  c o n t r o l  v a r i o u s  p e r i p h e r a l  equipment 
u t i l i z e d  t o  communicate w i t h  t h e  computer and t o  p r o v i d e  b u l k  s t o r a g e  f o r  
d a t a .  Among t h e  d e v i c e s  used a r e  ca rd  r e a d e r s ,  c a r d  punches ,  high-speed 
l i n e  p r i n t e r s ,  magnet ic  t a p e s ,  and magnet ic  drums, a l l  of  which o p e r a t e  
under t h e  c o n t r o l  of t h e  inpu t -ou tpu t  d a t a  c h a n n e l s .  The c a r d  r e a d e r  is 
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used mainly  f o r  v a r i a b l e  program i n p u t  d a t a  and r e a d s  up t o  800 c a r d s  p e r  
minute .  The c a r d  punch i s  used f o r  o f f - l i n e  program assembly and punches 
up t o  650 c a r d s  p e r  minute .  The h i g h  speed l i n e  p r i n t e r  i s  used t o  
p r o v i d e  a h a r d  copy of program o u t p u t  d a t a  and can p r i n t  1000 l i n e s  p e r  
minute .  Each computer i n t e r f a c e s  w i t h  magne t ic  t a p e  s t a t i o n s  t h a t  pro- 
v i d e  s t o r a g e  f o r  programs and an  o u t p u t  d e v i c e  f o r  b u l k  s t o r a g e  o f  d a t a .  
The magne t ic  t a p e s  can r e a d  and w r i t e  a t  a r a t e  of 15,000 c h a r a c t e r s  p e r  
second. 

The i n t e r f a c e  w i t h  t h e  s p a c e c r a f t  ACE (Automatic Checkout Equipment) 
computer i s  accomplished by u s e  of inpu t -ou tpu t  r e g i s t e r s ,  s e n s e  l i n e s ,  
and a p r i o r i t y  i n t e r r u p t  system. When t h e  s t a t u s  o f  t h e  emergency 
d e t e c t i o n  system d i s c r e t e s  change,  t h e  ground computer r e c e i v e s  a n  
i n t e r r u p t .  Under program c o n t r o l ,  t h e  new s t a t u s  can b e  e v a l u a t e d  and 
cor responding  lamps on t h e  system e n g i n e e r  c o n s o l e  can  b e  i l l u m i n a t e d  by 
u s e  of d i s c r e t e  o u t p u t s .  The ground computer a l s o  keeps t h e  ACE l i n k  i n  
c o n s t a n t  o p e r a t i o n  by r e t u r n i n g  t e s t  messages s e n t  by t h e  ACE/spacecraf t  
computer. 

2. D i s c r e t e  System 

The d i s c r e t e  sys tem c o n s i s t s  of two main e lements ;  d i s c r e t e  i n p u t s  and 
d i s c r e t e  o u t p u t s .  The S a t u r n  I B   round computer complex is  c a p a b l e  of 
r e c e i v i n g  1512 28-volt  i n p u t  s i g n a l s .  I n  t h e  S a t u r n  V sys tem t h i s  
c a p a b i l i t y  is  doubled.  The main f u n c t i o n  of t h e  d i s c r e t e  i n p u t  s e c t i o n  
is t o  encode t h e  28-volt  i n f o r m a t i o n  i n t o  t h e  p roper  format  t o  b e  
r e c e i v e d  by t h e  inpu t -ou tpu t  d a t a  channe l  and t o  p r o v i d e  complete  checking 
of t h e  p r o c e s s .  

Th i s  s e c t i o n  a l s o  c o n t a i n s  a r e l a t i v e  t i m e  c o u n t e r  t h a t  r e c e i v e s  a one- 
k i l o c y c l e  i n p u t  from t h e  countdown c l o c k  system. The a s s o c i a t e d  i n p u t -  
o u t p u t  d a t a  channe l  p r o v i d e s  t h e  n e c e s s a r y  a c c e s s  t o  t h e  computer memory 
by b u i l d i n g  a d i s c r e t e  i n p u t  s t a t u s  and l o g  h i s t o r y  t a b l e  i n  t h e  memory. 
Th is  is  a r a t h e r  unique p r o c e s s  and i s  accomplished as f o l l o w s :  

a .  The e x i s t i n g  s t a t u s  i n f o r m a t i o n  is  compared w i t h  t h e  incoming 
d i s c r e t e  in format ion .  I f  a d i f f e r e n c e  e x i s t s ,  t h e  c o n t e n t s  of t h e  
r e l a t i v e  t i m e r  and t h e  d i s c r e t e  i n p u t  i n f o r m a t i o n  a r e  d i r e c t e d  t o  
t h e  memory l o g  t a b l e .  A p r i o r i t y  s i g n a l  i s  a l s o  g i v e n ,  s i g n i f y i n g  
t o  t h e  computer t h a t  a change h a s  been d e t e c t e d .  

b. I f  no change i s  d e t e c t e d ,  t h e  p r o c e s s  is  con t inued .  

c. I f  a n  e r r o r  i s  d e t e c t e d ,  t h e  c c a t e n t s  of t h e  r e l a t i v e  t i m e r  and 
t h e  d i s c r e t e s  be ing  scanned a r e  d i r e c t e d  t o  t h e  computer memory. I n  
a d d i t i o n ,  a p r i o r i t y  s i g n a l  i s  g iven .  

d. When t h e  r e l a t i v e  t i m e r  i s  f i l l e d  t o  c a p a c i t y ,  and s t a r t s  t o  
r e c o u n t ,  t h e  i n f o r m a t i o n  is d i r e c t e d  t o  t h e  memory l o g  t a b l e  a long  
w i t h  a p r i o r i t y  i n t e r r u p t  s i g n a l  t o  t h e  computer.  

The d i s c r e t e  o u t p u t  s e c t i o n  of t h e  sys tem c o n t a i n s  t h e  n e c e s s a r y  l o g i c  
e lements  c o n s i s t i n g  of decoders  and e r r o r  d e t e c t i n g  d e v i c e s .  I n  t h e  



Saturn I B  system, t he  decoders al low t h e  computer memory and process  l o g i c  
t o  i s s u e  1008 d i s c r e t e  output  commands. I n  t h e  Sa turn  V system, t h i s  
output  c a p a b i l i t y  is  doubled. Er ror  d e t e c t i o n  i s  provided i n  bo th  systems. 
In  a d d i t i o n  t o  c i r c u i t r y  t h a t  prevents  t h e  issuance of more than 24 
d i s c r e t e  outputs  a t  one time, t h e  Sa turn  V d i s c r e t e  output  (Figure 3-26) 
has t h e  fol lowing a d d i t i o n a l  f e a t u r e s :  A l l  elements a r e  t r i p l e  redundant 
v o t e r  l o g i c  elements conta in ing  two independent 28-volt redundant power 
supp l i e s ,  and encoder l o g i c  elements used t o  determine t h e  s t a t u s  of 
the  d i s c r e t e  outputs  generated.  This  information is a v a i l a b l e  t o  t h e  
computer. This system can a l s o  be used independent of t h e  computer 
through the  u t i l i z a t i o n  of a  manual c o n t r o l  pane l  l oca t ed  i n  t he  launch 
con t ro l  c e n t e r  ope ra to r  s t a t i o n .  Switching from computer c o n t r o l  t o  
t h i s  pane l  i s  a t  t h e  manual c o n t r o l  panel.  I n  a d d i t i o n  t o  being a b l e  t o  
i s s u e  any d i s c r e t e  ou tpu t ,  t h e  pane l  opera tor  can read  t h e  s t a t u s  of any 
d i s c r e t e  output .  

3 .  Display System 

The Sa turn  I B  d i sp l ay  system c o n s i s t s  of a  power and l o g i c  rack and s i x  
d i sp l ay  consoles ,  each of which inc lude  a  keyboard and a  s to rage  type 
cathode-ray tube. The l o g i c  rack provides t h e  necessary condi t ion ing  
and c o n t r o l  elements t o  al low d i r e c t  access  t o  t h e  Sa turn  ground computer 
memory through t h e  d i sp l ay  input-output  d a t a  channel.  The Sa turn  ground 
computer processing must inc lude  a l l  t h e  necessary format t ing  f o r  
alphanumeric and vec to r  d i sp l ays  presented on t h e  d i s p l a y  consoles .  

The Sa turn  V d i s p l a y  system (Figure 3-27) i s  p a r t  of t h e  Saturn ground 
computer complex. It conta ins  s i x  major elements:  t h e  c e n t r a l  l o g i c  
and refresh-memory, a  c o n t r o l  processing d i g i t a l  computer, up t o  twenty 
d i sp l ay  consoles ,  t e l e v i s i o n  input  and output  equipment, and s l i d e  and 
hard copy equipment. 

The c o n t r o l  and l o g i c  refresh-memory s e c t i o n  conta ins  t he  necessary 
d i s t r i b u t i o n  t o  t h e  d i sp l ay  d a t a  processor ,  video switching,  and d i g i t a l  
switching.  D i g i t a l  switching c o n t r o l s  t h e  refresh-memory cyc le ,  complete 
o r  s e l e c t i v e  updat ing of t h e  refresh-memory, and t h e  use of any memory 
bank by any d i sp l ay  console.  Video switching c o n t r o l s  hard copy, t e l e -  
v i s i o n  t ransmiss ion ,  s l i d e s ,  and closed c i r c u i t  t e l e v i s i o n .  The d i s p l a y  
consoles  f e a t u r e  keyboard con t ro l ,  a b i l i t y  t o  d i sp l ay  s l i d e  information,  
ope ra t iona l  t e l e v i s i o n  information,  alphanumeric and vec to r  information,  
and alphanumeric and vec to r  overlayed wi th  s l i d e s .  The t e l e v i s i o n  t r ans -  
mission equipment i s  capable of t r ansmi t t i ng  t h e  alphanumeric and v e c t o r  
information.  The hard copy equipment i s  a  f i l m  processing-to-paper 
system and is  capable of reproducing t h e  alphanumeric and vec to r  i n fo r -  
mation, and alphanumeric and vec to r  overlayed wi th  s l i d e s .  

The d i g i t a l  computer processor ,  a s  a  r e s u l t  of a  r eques t  by the  opera tor  
o r  a  program opera t ing  t h e  Saturn ground computer complex, rece ives  b a s i c  
d a t a  from t h e  c e n t r a l  system. This  d a t a  is  ad jus t ed ,  formatted,  and 
passed on t o  t h e  c o r r e c t  refresh-memory where i t  i s  switched t o  t h e  
c o r r e c t  console ,  alphanumeric and vec to r  d i sp l ay  genera tor  system, and 
displayed on the  cathode-ray tube. The video system can show s l i d e s  o r  
c losed  c i r c u i t  t e l e v i s i o n  from any one of t e n  inpu t s  of a se l ec t ed  channel.  



F i g u r e  3-26. D i s c r e t e  O u t p u t ,  Flow Diagram 
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A f u l l  a r r a y  of c o n t r o l s  is a v a i l a b l e  t o  t h e  o p e r a t o r  a t  each conso le .  
Each conso le  can r e q u e s t  and r e a d  t h e  refresh-memory, d r i v i n g  any o t h e r  
c o n s o l e ;  s i m i l a r l y ,  any conso le  can  r e q u e s t  and r e c e i v e  any d a t a  s o  t h a t  
t h e  l o s s  of t h e  c o n s o l e  sys tem w i l l  on ly  r e q u i r e  a n  o p e r a t o r  t o  s h a r e  an 
a d j o i n i n g  system. Each c o n s o l e  is equipped w i t h  a  keyboard and l i g h t -  
p i n  c o n t r o l s  f o r  c o n t r o l l i n g  t h e  d i s p l a y  sys tem and communications w i t h  
t h e  c o n t r o l  c o n s o l e s .  

4 .  Opera t ing  Program 

Programming e f f o r t s  w i t h  t h e  l aunch  c o n t r o l  sys tem was d i f f i c u l t  because  
much of t h e  programming was i n  s e r i e s  w i t h  f i n a l  d e s i g n  r e l e a s e .  T h i s  
r e q u i r e d  a n  approach i n  which programming of a  u n i v e r s a l  a p p l i c a t i o n  i s  
performed a s  much a s  p o s s i b l e .  Then, a s  s p e c i a l  programming o r i e n t e d  
toward unique t a s k s  became a v a i l a b l e ,  i t  was added t o  t h e  b a s i c  g e n e r a l  
usage  programs t o  complete  t h e  package.  

Two t y p e s  of programs a r e  used i n  t h e  S a t u r n  ground computer complex. 
These a r e  t h e  o p e r a t i n g  system programs and t e s t  programs. 

a .  Opera t ing  System Programs 

The b a s i c  o p e r a t i n g  system program p r o v i d e s  t h e  S a t u r n  ground 
computer complex w i t h  t h e  a b i l i t y  t o  f u l f i l l  i t s  requ i rements  t o  t h e  
c o n t r o l  and checkout sys tems ,  mainly  a l l o w i n g  t h e  sys tem t o  b e  used 
f o r  manual o p e r a t i o n s .  I n  a d d i t i o n ,  i t  c o n t a i n s  e lements  which a r e  
p r e r e q u i s i t e s  f o r  automat ion checkout ,  b u t  does n o t  test o r  moni tor  
any th ing  i n  t h e  v e h i c l e  o r  on t h e  ground a u t o m a t i c a l l y .  It i s  p a r t  
of t h e  sys tem t h a t  r e p l a c e s  ha rdwi re  by computer programs and a 
d i g i t a l  d a t a  l i n k ,  t h e r e f o r e  p r o v i d i n g  manual o p e r a t i o n s  w i t h  a more 
advanced s t a t e - o f - t h e - a r t  t echn ique .  The o p e r a t i n g  system program 
o p e r a t e s  con t inuous ly  and s e e k s  a l t e r n a t e  p a t h s  whenever a f a i l u r e  
is d e t e c t e d .  When no f u r t h e r  p a t h s  are a v a i l a b l e  t h e  a p p r o p r i a t e  
message i s  d i s p l a y e d ,  r e q u i r i n g  manual i n t e r v e n t i o n .  D i f f e r e n c e s  
e x i s t  between t h e  S a t u r n  V and S a t u r n  IB o p e r a t i n g  system programs: 

1 )  The d i s c r e t e  e x e c u t i v e  a t  t h e  S a t u r n  V complex p r o c e s s e s  
a l l  pad and v e h i c l e  d i s c r e t e  i n f o r m a t i o n  p r i o r  t o  t r a n s m i t t a l  
t o  t h e  l aunch  c o n t r o l  c e n t e r  computer. The S a t u r n  IB system 
t r a n s m i t s  t h e  e n t i r e  v e h i c l e  d i s c r e t e  s t a t u s  approx imate ly  every  
one-half second t o  t h e  l aunch  c o n t r o l  c e n t e r  computer. 

2 )  T e s t  program e x e c u t i o n  is  i n  t h e  S a t u r n  I B  pad computer 
and i n  t h e  S a t u r n  V l aunch  c o n t r o l  c e n t e r  computer. I n  a d d i t i o n ,  
a f u n c t i o n  e x e c u t e r  program i s  provided i n  t h e  S a t u r n  V pad 
computer. 

Complementary p a r t s  of t h e  o p e r a t i n g  system programs a r e  c o n t a i n e d  
i n  b o t h  t h e  S a t u r n  I B  and S a t u r n  V equipment.  The o p e r a t i n g  programs 
a r e  cons idered  a s  des ign- fu rn i shed  equipment.  I n  g e n e r a l ,  each 
system program can be  cons idered  t o  be i n  t e n  components; l aunch  
c o n t r o l  c e n t e r  s t o r a g e  a l l o c a t i o n  ( F i g u r e  3-28) and pad program 
s t o r a g e  a l l o c a t i o n  (F igure  3-29). These a r e  a s  f o l l o w s :  The i n p u t /  



o u t p u t  c o n t r o l  sys tem,  d i s p l a y  d a t a  l i n k  e x e c u t i v e ,  i n t e r r u p t  
p r o c e s s o r ,  t e s t  program c o n t r o l ,  d i s c r e t e  e x e c u t i v e ,  d i s p l a y  m o n i t o r ,  
a u t o m a t i c  checkout  equipment (ACE) d a t a  l i n k  e x e c u t i v e ,  DDAS 
e x e c u t i v e ,  and f u n c t i o n  e x e c u t o r .  

An added c a p a b i l i t y  e x i s t s  i n  t h e  o p e r a t i n g  system program t o  
u t i l i z e  accep tance  tes t  o r  l aunch  language (ATOLL) e x e c u t i v e .  T h i s  
sys tem p r o v i d e s  t h e  f o l l o w i n g  c a p a b i l i t i e s :  t o t a l  o p e r a t o r  c o n t r o l  
of semiau tomat ic  o p e r a t i o n s ,  a u t o m a t i c  moni to r ing  of pa ramete rs ,  
a u t o m a t i c  d i s p l a y  of pa ramete rs ,  even t  t iming  and r e c o r d i n g  of e v e n t s  
on i n i t i a t i o n  of automated t e s t s ,  and g e n e r a t i o n  and u t i l i z a t i o n  of 
ATOLL. 

The programs are a l l  w r i t t e n  t o  u t i l i z e  t h e  redundant  c a p a b i l i t i e s  
o f  t h e  hardware  sys tem and t o  r e c o g n i z e  t h e  p r e s e n c e  of a f a i l u r e  
r e q u i r i n g  t h e  u s e  o f  t h i s  c a p a b i l i t y .  Each component program 
o p e r a t e s  e s s e n t i a l l y  independen t ly  o f  t h e  o t h e r .  The i n t e r r u p t  
p r o c e s s o r  m a i n t a i n s  t h e  n e c e s s a r y  s u p e r v i s o r y  c o n t r o l  of t h e  e n t i r e  
system. 

The i n p u t / o u t p u t  c o n t r o l  sys tem b a s i c a l l y  c o n t r o l s  t h e  o p e r a t i o n s  of 
t h e  computer p e r i p h e r a l  d e v i c e s ;  namely, magnet ic  t a p e  s t a t i o n s ,  
magnet ic  drums, l i n e  p r i n t e r ,  c a r d  r e a d e r ,  and c a r d  punch. The d a t a  
l i n k  e x e c u t i v e  p r o v i d e s  t h e  communication l i n k  between t h e  two 
computers.  The d i s p l a y  moni to r  p r o v i d e s  a l l  a v a i l a b l e  S a t u r n  ground 
computer complex d a t a  t o  t h e  d i s p l a y  sys tem p r o c e s s o r  and i s  
r e s p o n s i v e  t o  a l l  c o n s o l e  o p e r a t o r s '  r e q u e s t s .  The d i s c r e t e  
e x e c u t i v e  c o n t r o l s  t h e  d i s c r e t e  sys tem which p r o v i d e s  t h e  fo l lowing :  

1 )  Response t o  any s w i t c h  a c t i o n  which,  i n  g e n e r a l ,  r e s u l t s  
i n  t h e  i s s u a n c e  of a d i s c r e t e  o u t p u t  i n  t h e  v e h i c l e  o r  pad 
p o r t i o n  o f  t h e  c o n t r o l  and checkout system. 

2) Response t o  s i g n a l s  from t h e  v e h i c l e  o r  t h e  pad p o r t i o n  of 
t h e  c o n t r o l  and checkout equipment which,  i n  g e n e r a l ,  causes  
i n i t i a t i o n  of a d i s c r e t e  o u t p u t .  Th i s  l i g h t s  an  i n d i c a t i n g  
lamp on t h e  o p e r a t o r ' s  s t a t i o n  a t  t h e  l aunch  c o n t r o l  c e n t e r .  
Automatic and i n h i b i t e d  c o n t r o l  i s  a l s o  provided.  

The Automatic Checkout Equipment d a t a  l i n k  e x e c u t i v e  p r o v i d e s  
communications between t h e  S a t u r n  ground computer complex and t h e  
s p a c e c r a f t  Automatic Checkout Equipment sys tem.  The DDAS e x e c u t i v e  
a l l o w s  f u l l  a c c e s s  of e i t h e r  o r  b o t h  computers t o  t h e  DDAS informa- 
t i o n .  The f u n c t i o n  e x e c u t o r  p r o v i d e s  t h e  a b i l i t y  t o  perform many 
t i m e - c r i t i c a l  f u n c t i o n s  s i m u l t a n e o u s l ~  f o r  o p e r a t i n g  p rogravs .  

b.  T e s t  Programs 

T e s t  and moni tor  programs a r e  t h e  on ly  programs used f o r  automat ion 
of checkout ,  and a r e  t h e  sys tem t e s t  e n g i n e e r ' s  b a s i c  o p e r a t i o n a l  
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s o f t w a r e  t o o l .  The g e n e r a t i o n  of t e s t  programs can b e  accomplished 
i n  two ways: 

1 )  Use of computer o r i e n t e d  language which u t i l i z e s  t h e  f u l l  
c a p a b i l i t y  of t h e  computer l o g i c .  T h i s  language i s  a l s o  used 
t o  document t h e  program p r i n t o u t .  

2 )  U s e  of a c c e p t a n c e  t e s t  o r  l aunch  language,  u s i n g  t e s t  
e n g i n e e r i n g  o r i e n t e d  language.  T h i s  language i s  a l s o  used t o  
document t h e  program p r i n t o u t .  

Both methods can produce a t e s t  pro2ram which c o n t a i n s  t h e  f o l l o w i n g  
c a p a b i l i t i e s  : 

1 )  Sequencing of t h e  r e q u i r e d  series of e v e n t s  n e c e s s a r y  
d u r i n g  a checkout of a g iven  system,  i n c l u d i n g  r e q u i r e d  commands. 

2 )  E v a l u a t i o n  of whatever  responses  r e s u l t  from t h e  commanded 
sequence of e v e n t s .  

3)  Moni tor ing t h e  sys tem s t a t u s .  

4) Reac t ion  t o ,  o r  n e c e s s a r y  d i s p l a y  o f ,  non-nominal o p e r a t i o n s  
of p r e s e l e c t e d  a l t e r n a t i v e s .  

5) Sequencing a b i l i t y  t o  c o n t r o l  a number of such programs. 

6) A b i l i t y  t o  p r e s e l e c t  t h e  o p e r a t i o n  sequence.  

7 )  A b i l i t y  t o  change t h e  l i m i t s  of t e s t e d  v a l u e s ,  b o t h  ana log  
and d i s c r e t e s .  

8 )  A b i l i t y  t o  i n t e r v e n e .  

I n  a d d i t i o n  t o  t h e  test programs, maintenance and p o s t - t e s t  p r o c e s s i n g  
programs a r e  used.  The maintenance programs f a l l  i n t o  two c l a s s e s ,  
n o n o p e r a t i o n a l  and on- l ine .  These c o n s i s t  of computer d i a g n o s t i c  and 
i n t e r f a c e  checkout programs f o r  t h e  S a t u r n  ground computer complex 
and i t s  i n t e r n a l  and e x t e r n a l  i n t e r f a c e s .  P o s t - t e s t  p r o c e s s i n g  
programs prov ide  t h e  a b i l i t y  t o  r e t r i e v e ,  l o g  d a t a ,  c o n v e r t  t h e  raw 
d a t a  i n t o  e n g i n e e r i n g  u n i t s ,  and p r i n t  t h e  i n f o r m a t i o n  i n t o  a format  
f o r  t h e  test e n g i n e e r .  

INSTRUMENTATION SYSTEMS 

1. Genera l  

The i n s t r u m e n t a t i o n  p o r t i o n  of t h e  S a t u r n  launch c o n t r o l  and checkout  
sys tem complex ( F i g u r e  3-30) is made up of RF and command, t e l e m e t r y ,  
and measur ing systems t o  perform t h e  fo l lowing  f u n c t i o n s :  

a. The RF system t r a n s m i t s  and r e c e i v e s  RF s i g n a l s  t o  check o u t  and 
moni to r  t h e  v e h i c l e  command and t r a c k i n g  systems.  

b .  The t e l e m e t r y  sys tem r e c e i v e s ,  r e f o r m a t s ,  and r e c o r d s  t e l e m e t r y  
d a t a  and performs f u n c t i o n a l  and q u a l i t a t i v e  checks of t h e  v a r i o u s  
s t a g e  t e l e m e t r y  l i n k s .  
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c .  The measuring system t e s t s ,  v e r i f i e s ,  and r e c o r d s  i n f o r m a t i o n  
from t h e  v a r i o u s  s e n s o r s  and s i g n a l  c o n d i t i o n i n g  u n i t s  i n  t h e  
v e h i c l e .  

d. The t r a n s m i s s i o n  of a l l  t e l e m e t r y  and d i g i t a l  d a t a  a c q u i s i t i o n  
sys tem d a t a  t o  t h e  C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y  f o r  r e d i s t r i b u -  
t i o n  t o  o t h e r  NASA c e n t e r s ,  f o r  c r i t i c a l  moni to r ing ,  and d a t a  
p r o c e s s i n g .  

The communication l i n k  between t h e  v e h i c l e  RF and t e l e m e t r y  sys tems and 
t h e  ground r e c e i v i n g  s t a t i o n s  i s  v i a  b o t h  c o a x i a l  c losed- loop c a b l e s  and/  
o r  open an tenna  sys tems ,  and c o n s i s t s  of VHF/UHF RF s i g n a l s .  The d i g i t a l  
d a t a  a c q u i s i t i o n  sys tem r e c e i v e r  s t a t i o n  i n p u t  i s  normal ly  a  600 k i l o c y c l e  
modulated s i g n a l  f e d  by c o a x i a l  c a b l e  from t h e  v e h i c l e .  An a l t e r n a t e  
p a t h  f o r  PCM/digi ta l  d a t a  a c q u i s i t i o n  sys tem d a t a  i s  prov ided  by RF t r a n s -  
m i s s i o n  t o  t h e  C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y  and t h e n  v i a  c l o s e d  l o o p  
r e t r a n s m i s s i o n  t o  t h e  r e c e i v i n g  s t a t i o n .  The C e n t r a l  I n s t r u m e n t a t i o n  
F a c i l i t y  loop  is  used d u r i n g  o p e r a t i o n a l  t e s t s  when t h e  u m b i l i c a l  p l u g s  
a r e  d i s c o n n e c t e d ,  and a f t e r  l i f t o f f  d u r i n g  l aunch  countdown. The d i g i t a l  
d a t a  a c q u i s i t i o n  sys tem a l s o  moni to r s  d i s c r e t e  and ana log  i n f o r m a t i o n  
from t h e  ground s u p p o r t  equipment through a s e p a r a t e  ground t r a n s m i t t e r .  
The system i n t e r f a c e s  w i t h  b o t h  S a t u r n  ground complex computers t o  p r o v i d e  
r e a l - t i m e  d a t a  f o r  d i s p l a y  and paramete r  i n p u t s  t o  a u t o m a t i c  t e s t  programs. 

The d a t a  i n p u t  t o  t h e  measuring system i s  from t h e  ana log  o u t p u t  t o  t h e  
d i g i t a l  d a t a  a c q u i s i t i o n  sys tem and hardwi re  measurements from t h e  l a u n c h  
v e h i c l e .  The system u t i l i z e s  t h e  remote  a u t o m a t i c  c a l i b r a t i o n  system f o r  
v e r i f i c a t i o n  o f  v e h i c l e  measuring s e n s o r s  and s i g n a l  c o n d i t i o n i n g  u n i t s  
i n  t h e  v e h i c l e .  The c a l i b r a t i o n  system i s  c o n t r o l l e d  from t h e  v e h i c l e  
assembly b u i l d i n g  on Launch Complex 39, and from t h e  s e r v i c e  s t r u c t u r e  on 
Launch Complex 34 o r  37. 

2 .  Range S a f e t v  Command Ground S t a t i o n  

A p o r t i o n  o f  t h e  RF checkout  s t a t i o n  i s  used t o  v e r i f y  o p e r a t i o n  o f  t h e  
range  s a f e t y  command d e s t r u c t  r e c e i v e r s  and decoders  on t h e  powered s t a g e s  
of t h e  v e h i c l e ,  and c o n s i s t s  of encoders  which modulate  a  RF g e n e r a t o r ,  a  
r e c e i v e r  f o r  moni to r ing  purposes ,  decoders  i n d e n t i c a l  t o  t h o s e  i n  t h e  
v e h i c l e ,  and t h e  n e c e s s a r y  c o n t r o l s  and i n d i c a t o r s .  The encoder modula tes  
t h e  RF g e n e r a t o r  w i t h  t h e  command f u n c t i o n s  c u t o f f ,  d e s t r u c t ,  o r  sys tem 
s a f e  f o r  c losed- loop t r a n s m i s s i o n  t o  t h e  v e h i c l e  s t a g e .  A p o r t i o n  of t h e  
t r a n s m i t t e r  o u t p u t  i s  a t t e n u a t e d  and f e d  back  t o  t h e  ground s t a t i o n  
r e c e i v e r ,  demodulated and decoded, and d i s p l a y e d  f o r  s e l f  t e s t s  o f  t h e  
t r a n s m i t t e r  system. A f t e r  r e c e p t i o n  by t h e  v e h i c l e  r e c e i v e r ,  t h e  v i d e o  
s i g n a l  i s  r e t u r n e d  t o  t h e  ground s t a t i o n  where a  second decoder  d i s p l a y s  
t h e  command s i g n a l  f o r  comparison w i t h  t h e  p r e v i o u s l y  decoded t r a n s m i t t e r  
s i g n a l .  T h i s  v e r i f i e s  t h e  v e h i c l e  s t a g e  r e c e i v e r s .  The o u t p u t  of t h e  
v e h i c l e  decoder  i s  a v a i l a b l e  t o  t h e  ground s t a t i o n  through t h e  t e l e m e t r y  
sys tem and i s  used f o r  t r o u b l e  i s o l a t i o n .  The v e h i c l e  decoder  o u t p u t s  
a r e  a l s o  d i s p l a y e d  on l aunch  c o n t r o l  c e n t e r  p a n e l  i n d i c a t o r s ,  

E a s t e r n  T e s t  Range commands s e n t  open-loop t o  t h e  v e h i c l e  can b e  moni tored 
by t h e  ground s t a t i o n  and d i s p l a y e d  f o r  v e r i f i c a t i o n .  When t h e  range  



Figure 3-30. Instrumentation System, Launch Control Center (Sheet 1 of 2 )  
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Figure 3-30. Instrumentation System, Launch Control Center (Sheet 2 of 2 )  

3-51 



commands a r e  r e q u i r e d  t o  b e  s e n t  c losed- loop ,  t h e  range encoder modulates  
t h e  ground s t a t i o n  RF g e n e r a t o r  and t r a n s m i t s  t h e  s i g n a l  t o  t h e  v e h i c l e  
by t h e  c losed- loop system.  

3. D i g i t a l  Data A c q u i s i t i o n  System Receiving S t a t i o n  

The d i g i t a l  d a t a  a c q u i s i t i o n  sys tem r e c e i v i n g  s t a t i o n  ( F i g u r e  3-31), 
l o c a t e d  i n  each l a u n c h  c o n t r o l  c e n t e r  and i n  t h e  pad a r e a ,  r e c e i v e s  r e a l -  
t i m e  PCM s i g n a l s  which a r e  f requency modulated on a 600 k i l o c y c l e  c a r r i e r  
from t h e  v e h i c l e  t e l e m e t r y  sys tems and from t h e  ground t r a n s m i t t e r  i n  t h e  
d i g i t a l  d a t a  a c q u i s i t i o n  system. The r e c e i v e r s  demodulate and r e f o r m a t  
t h e  s i g n a l  t o  a synchron ized  p a r a l l e l  o u t p u t .  T h i s  o u t p u t  i s  decommutated 
and s t o r e d  i n  a memory c o r e  i n  t h e  computer i n t e r f a c e  u n i t  f o r  u s e  by t h e  
S a t u r n  ground computer complex; and t h e  d i g i t a l - t o - a n a l o g  c o n v e r t e r s  f o r  
d i s p l a y  a s  quick- look d a t a  o r  t o  t h e  l aunch  c o n t r o l  c e n t e r  p a n e l  m e t e r s  
and measuring r e c o r d e r s .  D i ~ i t a l  d a t a  a c q u i s i t i o n  sys tem d i s c r e t e  i n f o r -  
mat ion i s  s u p p l i e d  t o  r e l a y  d r i v e r  c i r c u i t s  and d i s p l a y e d  on a  l aunch  
c o n t r o l  c e n t e r  i n d i c a t o r  lamp. 

A  d i g i t a l  s i g n a l  s i m u l a t o r  p rov ides  t h e  s i g n a l  i n  PCMIdigi ta l  d a t a  
a c q u i s i t i o n  sys tem format  f o r  s e t t i n g  up and checking t h e  r e c e i v i n g  
s t a t i o n .  A series of b i t s ,  up t o  f o u r  words,  i s  programmed i n t o  t h e  
format  by s w i t c h e s  on t h e  f r o n t  p a n e l  and is i n s e r t e d  i n t o  t h e  format  a t  
an  a d d r e s s  s e l e c t e d  by t h e  c o n t r o l s  on t h e  f r o n t  p a n e l .  Two o u t p u t s  a r e  
a v a i l a b l e :  A f requency  modulated c a r r i e r  a t  t h e  d i g i t a l  d a t a  a c q u i s i t i o n  
sys tem f requency  (600 k i l o c y c l . e s ~ ,  and a p u l s e  code modulated wave t r a i n .  

The quick-look p a n e l  a l l o w s  t h e  o p e r a t o r  t o  s e l e c t  any one d e s i r e d  d a t a  
channel  f o r  d i s p l a y .  Data  from t h i s  channe l  i s  p r e s e n t e d  i n  b o t h  d i g i t a l  
and ana log  form. Ten i n d i c a t o r  lamps on t h e  f r o n t  p a n e l  d i s p l a y  t h e  
s e l e c t e d  d a t a  i n  b i n a r y  form and t h e  channe l  i s  conver ted  t o  ana log  form 
and p r e s e n t e d  on a mete r .  The quick- look d i s p l a y  i s  normal ly  u t i l i z e d  
f o r  s e t t i n g  up a n d m a n u a l l y  t e s t i n g  t h e  r e c e i v i n g  s t a t i o n  and f o r  
m a l f u n c t i o n  i s o l a t i o n  d u r i n g  checkout o p e r a t i o n s .  

Each r e c e i v i n g  s t a t i o n  i s  equipped w i t h  100 d i g i t a l - t o - a n a l o g  c o n v e r t e r s  
and two c o n v e r t e r  c a l i b r a t o r s .  The c o n v e r t e r  c a l i b r a t o r  performs t h r e e  
b a s i c  f u n c t i o n s  : 

a .  P r o v i d e s  a means of c a l i b r a t i n g  t h e  d i g i t a l - t o - a n a l o g  c o n v e r t e r s .  

b. P e r m i t s  moni to r ing  of t h e  d i g i t a l  i n p u t  t o  any of t h e  c o n v e r t e r s .  

c.  P r o v i d e s  t h e  necessa ry  o p e r a t i n g  v o l t a g e s  t o  t h e  c o n v e r t e r s .  

The c o n v e r t e r s  u t i l i z e  t h e  e i g h t  most s i g n i f i c a n t  b i t s  f o r  convers ion  and 
p rov ide  t h e  r e s o l u t i o n  of 0.4 p e r  c e n t .  The c o n v e r t e r  o u t p u t  i s  c a p a b l e  
of d r i v i n g  s t r i p  c h a r t  r e c o r d e r s ,  o s c i l l o g r a p h s ,  m e t e r s ,  and o t h e r  ana log  
d i s p l a y  o r  r e c o r d i n g  media.  

The magnet ic  t a p e  r e c o r d i n g  s t a t i o n  r e c o r d s  t h e  PCM/digi ta l  d a t a  a c q u i s i -  
t i o n  sys tem i n p u t  s i g n a l  and t h e  d a t a  can be  r e t r i e v e d ,  demul t ip lexed ,  
conver ted ,  and d i s p l a y e d  f o r  p o s t - t e s t  a n a l y s i s .  



F i g u r e  3-31. R e c e i v i n g  S t a t i o n ,  D i g i t a l  Da ta  
A c q u i s i t i o n  Sys tem 



The te lemet ry  ground support  equipment conta ins  s t a g e  modules (F igure  3-32) 
t o  support  t h e  checkout of each i n d i v i d u a l  v e h i c l e  s t a g e  te lemet ry  system, 
A s t a g e  module conta ins  a  bank of VHF r e c e i v e r s ,  a  group of FM/FM d i s -  
c r imina to r s ,  PCMIdigital d a t a  a c q u i s i t i o n  system equipment, and r e l a t e d  
d i sp l ay  and t e s t  equipment. 

The r e c e i v e r s ,  a f t e r  removal of t h e  RF c a r r i e r  s i g n a l ,  supply t h e  v ideo  
s i g n a l s  t o  t h e  d i sc r imina to r s  through appropr i a t e  patching a t  t h e  pa t ch  
d i s t r i b u t o r .  The RF t e s t  equipment has  t h e  c a p a b i l i t y  of measuring 
t r a n s m i t t e r  cen te r  frequency, t r a n s m i t t e r  dev ia t ion ,  r e c e i v e r  s e n s i t i v i t y  
and l i n e a r i t y ,  r e l a t i v e  t r a n s m i t t e r  s i g n a l  s t r e n g t h  and s u b c a r r i e r  
d i s t r i b u t i o n  w i t h i n  t h e  frequency spectrum. A RF t e s t  s i g n a l  gene ra to r  
is a v a i l a b l e  f o r  s u b s t i t u t i o n  of t h e  t r a n s m i t t e r  s i g n a l  and can b e  
modulated from e i t h e r  an  i n t e r n a l  o r  e x t e r n a l  source.  

The frequency modulated d i sc r imina to r  equipment demodulates t h e  s e l e c t e d ,  
frequency modulated video s i g n a l  and c o n s i s t s  of 19 d i s c r i m i n a t o r s ,  d a t a  
measuring and monitoring t e s t  equipment, and patching and s e l e c t o r  pane ls .  
A t e s t  o s c i l l a t o r  provides test s i g n a l s  f o r  c a l i b r a t i o n  of t h e  discr imina-  
t o r s .  The a i rbo rne  s u b c a r r i e r  o s c i l l a t o r s '  preemphasis schedule  can be  
v e r i f i e d  by e i t h e r  c a l i b r a t e d  measuring equipment, meters ,  o r  a v i s u a l  
spectrum d i sp l ay .  

The decomrnutation equipment c o n s i s t s  of a  600 k i l o c y c l e  d i s c r i m i n a t o r ,  
d ig i ta l - to-ana log  conver te rs  and c a l i b r a t e r s ,  a  quick-look panel ,  p u l s e  
code modulated synchronizat ion and format t ing  equipment, and d a t a  switch- 
ing .  The equipment i s  very s i m i l a r  t o  t h e  d i g i t a l  da t a  a c q u i s i t i o n  system 
rece iv ing  s t a t i o n  bu t  is l i m i t e d  t o  t e n  outputs  from t h e  conve r t e r ,  used 
p r imar i ly  f o r  t r o u b l e  i s o l a t i o n .  These outputs  and frequency modulated 
d i sc r imina to r  ou tputs  a r e  a v a i l a b l e  t o  t h e  common module f o r  d i s p l a y  on 
osc i l l og raphs  and s t r i p  c h a r t s .  

The te lemet ry  ground support  equipment common module (Figure 3-33) i s  
used by a l l  v e h i c l e  s t a g e s ,  and te lemet ry  information i s  recorded he re  on 14- 
channel magnetic t ape  s t a t i o n s .  The module conta ins  frequency modulated 
d i s c r i m i n a t o r s ,  pu l se  amplitude modulated decommutation equipment, s ing le -  
s i d e  band demult iplexing equipment, and c o n t r o l  and d i sp l ay  equipment, 
inc luding  s t r i p  c h a r t s  and osc i l l og raphs  t o  support  checkout of a l l  s t ages .  
Ind iv idua l  measurements can be  patched t o  t h e  r eco rde r s  and v e r i f i e d  i n  
rea l - t ime o r  played back using t h e  t ape  recorders  f o r  p o s t - t e s t  eva lua t ion .  

4. Telemetry Ground S t a t i o n  

The te lemet ry  ground support  equipment i n t e r f a c e  module (F igure  3-34) 
conta ins  te lemet ry  r e c e i v e r s  f o r  a l l  s t a g e s .  The video s i g n a l s  from these  
r e c e i v e r s  a r e  f e d  t o  mul t ip lex  equipment and t ransmi t ted  over t h e  wide-band 
cab le s  t o  t h e  Cen t r a l  Ins t rumenta t ion  F a c i l i t y  where te lemet ry  d a t a  i s  
recorded and processed a s  necessary.  

5. Vehicle  Measuring Ground Support Equipment 

The measuring s t a t i o n  patch panel  (F igure  3-35) al lows any s t a g e  measure- 
ment, e i t h e r  hardwire o r  d i g i t a l  d a t a  a c q u i s i t i o n  system, t o  be  patched t o  









Figure 3-35. Measuring Station Patch Panel 
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any s t r i p  c h a r t  r e c o r d e r  i n  t h e  f i r i n g  room. The upper p a n e l s  a r e  i n p u t  
and o u t p u t  t e s t  p o i n t s  which a l l o w  t r o u b l e s h o o t i n g  t o  be  performed w i t h o u t  
d i s c o n n e c t i n g  t h e  p a t c h  cords .  

The f i r i n g  room measuring s t a t i o n  s t r i p  c h a r t  r e c o r d e r s  ( F i g u r e  3-36) 
r e c o r d  measurements p r i m a r i l y  f o r  moni to r ing  r e d - l i n e  v a l u e s  o f  mandatory 
measurements, a l though  some h i g h l y  d e s i r a b l e  measurements are a l s o  
recorded .  At t h e  c a l i b r a t i o n  test p o s i t i o n  ( F i g u r e  3-37), s i g n a l  condi- 
t i o n e r s  and t r a n s d u c e r s  are v e r i f i e d  t o  b e  w i t h i n  s p e c i f i e d  t o l e r a n c e s  of 
t h e  measuring c a l i b r a t i o n  c u r v e s  p r i o r  t o  u s e  i n  s u p p o r t  of o t h e r  t e s t s .  
The remote a u t o m a t i c  c a l i b r a t i o n  system i s  used t o  supp ly  t h e  c a l i b r a t i o n  
s i g n a l ,  and t h e  d i g i t a l  d a t a  a c q u i s i t i o n  sys tem is  used t o  d i s p l a y  t h e  
ana log  and d i g i t a l  r e a d o u t  f o r  v e r i f i c a t i o n .  

The measuring module t e s t  s e t  ( F i g u r e  3-38) i s  used t o  t e s t  s i g n a l  
c o n d i t i o n e r s  and t r a n s d u c e r s ,  a f t e r  removal from t h e  s t a g e ,  f o r  t r o u b l e  
i s o l a t i o n  o r  p r i o r  t o  i n s t a l l a t i o n  of s p a r e  u n i t s .  The test set i n c l u d e s  
power s u p p l i e s ,  a d i g i t a l  v o l t m e t e r ,  a  s i g n a l  g e n e r a t o r ,  a n  o s c i l l o s c o p e ,  
a d i g i t a l  p r i n t e r ,  and t h e  module t e s t  p a n e l .  The u n i t  t o  b e  t e s t e d  i s  
connected t o  t h e  t e s t  p a n e l  through a d a p t e r  c a b l e s  and v e h i c l e  c o n d i t i o n s  
r e l a t i n g  t o  i n p u t l o u t p u t  impedance. I n p u t  s i g n a l s  a r e  s i m u l a t e d  by t h e  
t e s t  pane l .  V e r i f i c a t i o n  of p roper  o p e r a t i o n  i s  made u s i n g  t h e  d i g i t a l  
p r i n t e r .  

The measur ing analog r e c o r d e r  (F igure  3-39) is  used t o  r e c o r d  c e r t a i n  
measurements p e r t a i n i n g  t o  a p a r t i c u l a r  test o p e r a t i o n .  These measurements 
a r e  s e l e c t e d  p r i o r  t o  t h e  test by p a t c h i n g  o r  d i g i t a l - a d d r e s s - s e l e c t  p a n e l .  
The equipment c o n s i s t s  of a n  o s c i l l o g r a p h  and s t r i p  c h a r t  r e c o r d e r s ,  
d i g i t a l - t o - a n a l o g  c o n v e r t e r s  and c a l i b r a t e r s ,  and p a t c h i n g  and s e l e c t  
p a n e l s .  The r e c o r d s  a r e  u t i l i z e d  f o r  p o s t - t e s t  e v a l u a t i o n  o r  r e a l - t i m e  
t r o u b l e  i s o l a t i o n .  

E. CENTRAL INSTRUMENTATION FACILITY 

The C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y  i s  l o c a t e d  i n  t h e  I n d u s t r i a l  a r e a  of t h e  
s p a c e  c e n t e r  and is  t h e  f o c a l  p o i n t  f o r  t e l e m e t r y  s u p p o r t  of major  p re launch  
t e s t s  and l aunch .  The t e l e m e t r y  GO/NO-GO parameter  e v a l u a t i o n  f o r  t h e  l aunch  
v e h i c l e  i s  made a t  t h i s  f a c i l i t y ,  and a l l  ou t -o f - to le rance  paramete rs  are 
r e p o r t e d  t o  p e r s o n n e l  i n  t h e  l aunch  c o n t r o l  c e n t e r .  The t e l e m e t r y  s t a t i o n  
( F i g u r e  3 -40) , loca ted  i n  t h e  C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y ,  i s  composed of 
s e v e r a l  modules which can b e  o p e r a t e d  e i t h e r  t o g e t h e r  o r  independen t ly .  The 
t e l e m e t r y  sys tem p r o v i d e s  t h e  f o l l o w i n g  s e r v i c e s :  

1. A c q u i s i t i o n  and r e c o r d i n g  of t e l e m e t r y  d a t a .  

2 .  Analog r e c o r d i n g  of p rocessed  t e l e m e t r y  d a t a .  

3 .  Real-t ime d i g i t i z i n g  and s e l e c t i o n  of t e l e m e t r y  d a t a  f o r  r e d u c t i o n  
on g e n e r a l  purpose  computers.  

4 .  D i g i t i z i n g ,  r e f o r m a t t i n g  and s e l e c t i o n  of t e l e m e t r y  d a t a  f o r  r e a l -  
t i m e  d i g i t a l  t r a n s m i s s i o n  t o  o t h e r  NASA c e n t e r s  o r  o t h e r  d a t a  u s e r s .  





F i g u r e  3-37. Measu r ing  Calibrat ion T e s t  P o s i t i o n  
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F i g u r e  3-38. Measuring Module T e s t  S e t  
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5. Genera t ion  of computer compat ib le  d i g i t a l  t a p e s  of t e l e m e t r y  d a t a  
f o r  computer r e d u c t i o n .  

6. Real-t ime t e l e m e t r y  r e a d o u t s  f o r  o p e r a t i o n a l  p e r s o n n e l .  

The d a t a  c o r e  (shown i n  f l o w  diagram, F i g u r e  3-41) r e c e i v e s ,  c o n v e r t s ,  c o l l a t e s ,  
and s t o r e s  t e l e m e t r y  d a t a  from m u l t i p l e  s o u r c e s  and p r o v i d e s  random a c c e s s  t o  
i t s  c o n t i n u a l l y  upda t ing  memory c o r e  f o r  v a r i o u s  Kennedy Space C e n t e r  and o f f -  
s i t e ,  r e a l - t i m e  d a t a  sys tems.  The d a t a  c o r e  i s  c a p a b l e  of r e c e i v i n g  PCM/PDM/ 
PAM and ana log  s i g n a l s  which are processed  and s t o r e d  i n  a  d i g i t a l  fo rmat  
i d e a l l y  s u i t e d  f o r  d i r e c t  u t i l i z a t i o n  by h i g h  speed d i g i t a l  computers.  

The equipment a t  t h e  r e a l - t i m e  moni to r  conso les  i n  t h e  d a t a  d i s p l a y  room 
( F i g u r e  3-42) o f  t h e  C e n t r a l  I n s t r u m e n t a t i o n  F a c i l i t y  i n c l u d e s  two cathode-ray 
t u b e  d i s p l a y s ,  t h r e e  e i g h t - c h s n n e l  s t r i p  c h a r t  r e c o r d e r s  and t h r e e ,  20-channel 
e v e n t  r e c o r d e r s .  From t h e  cathode-ray t u b e  d i s p l a y  c o n s o l e ,  page format  and 
g r a p h i c  d i s p l a y  i n f o r m a t i o n  i s  c a l l e d  from t h e  d a t a  c o r e  through t h e  d i g i t a l  
computer.  The page format  i s  c a p a b l e  of d i s p l a y i n g  1 6  measurements p e r  page.  
A d i g i t a l  s e l e c t  sys tem a l l o w s  any v e h i c l e  ana log  measurements t o  b e  c a l l e d  
from t h e  d a t a  c o r e  and recorded  on t h e  s t r i p  c h a r t s ,  o r  d i s c r e t e  i n f o r m a t i o n  
c a l l e d  from t h e  d a t a  c o r e  and d i s p l a y e d  on t h e  even t  r e c o r d e r .  

The l aunch  i n f o r m a t i o n  exchange module ( F i g u r e  3-43) i s  t h e  i n f o r m a t i o n  l i n k  
between Kennedy Space Cente r  and M a r s h a l l  Space F l i g h t  C e n t e r ,  over  which 
d i r e c t  e n g i n e e r i n g  s u p p o r t  i s  prov ided  i n  a r e a s  of p r o p u l s i o n ,  n a v i g a t i o n  and 
e l e c t r i c a l  networks.  The Launch I n f o r m a t i o n  Exchange F a c i l i t y  s u p p o r t s  t h e  
major  test d u r i n g  p re launch  checkout i n  a d d i t i o n  t o  t h e  launch countdown. 
Te lemet ry  d a t a  from t h e  d a t a  c o r e  i s  t r a n s m i t t e d  t o  M a r s h a l l  Space F l i g h t  
Cen te r  by wideband t r a n s m i s s i o n  c i r c u i t s  a t  a  r a t e  of 40.8 k i l o b i t s  p e r  second.  
Real-t ime parameter  s e l e c t i o n  is c o n t r o l l e d  from M a r s h a l l  Space F l i g h t  Cen te r  
by ser ia l  PCM messages t r a n s m i t t e d  a t  a  2.4 k i l o b i t  p e r  second r a t e .  I n  
a d d i t i o n ,  t h e  f o l l o w i n g  t y p e s  of i n f o r m a t i o n  exchange c a p a b i l i t i e s  a r e  p rov ided  
th rough  t h e  Launch In format ion  Exchange F a c i l i t y .  

1. Magnetic t a p e  and punch c a r d  d i g i t a l  d a t a .  
2. Facs imi le .  
3. Countdown t iming  and l i f t o f f  s i g n a l .  
4. C l o s e d - c i r c u i t  t e l e v i s i o n  images. 
5. C l a s s i f i e d  t e l e t y p e  i n f o r m a t i o n .  

F. SYSTEM INTEGRATION 

The t y p i c a l  S a t u r n  c o n t r o l  and moni to r  c i r c u i t  ( F i g u r e  3-44) i l l u s t r a t e s  t h e  
i n t e g r a t i o n  of t h e  many s e p a r a t e  e lements  of checkout  equipment i n t o  one 
f u n c t i o n a l  system. The double-pole ,  t h r e e - p o s i t i o n  s w i t c h  i n  t h e  launch c o n t r o l  
c e n t e r ,  from which a  command o r i g i n a t e s ,  f u n c t i o n s  a s  f o l l o w s :  

1. On P o s i t i o n  

A d i s c r e t e  i n p u t  ( D I  402) i s  sensed  a t  t h e  launch c o n t r o l  c e n t e r  computer 
d i s c r e t e  i n p u t  d a t a  channe l ,  and a  message i s  t r a n s m i t t e d  t o  t h e  pad 
computer t o  i s s u e  a  d i s c r e t e  o u t  (DO 402) through t h e  d i s c r e t e  o u t p u t  
r e l a y  d r i v e r s  t o  e l e c t r i c a l  networks r e l a y  K12. 



Figure 3-41. Data Flow Diagram, Central Instrumentation Facility 
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2. Off P o s i t i o n  

The d i s c r e t e  input  a t  t h e  launch con t ro l  cen te r  computer ( D I  1410),  
through computer l o g i c  w i t h i n  t h e  execut ive  program, t r ansmi t s  a message 
t o  t u r n  of f  d i s c r e t e  output  (DO 402) and i n h i b i t  f u r t h e r  i s suance  of t h i s  
d i s c r e t e .  The o f f  p o s i t i o n  through t h e  o the r  po le  of t h e  switch provides 
t h e  hardwire emergency type s i g n a l  t o  r e l a y  K13 f o r  turn-off of t h e  
v e h i c l e  component. 

3. Auto P o s i t i o n  

I n  t h e  au to  p o s i t i o n ,  t h e  i n h i b i t  is removed and d i s c r e t e  output  (DO 402) 
can be  i s sued  under computer t e s t  program c o n t r o l  f o r  automated checkout 
of t h e  c i r c u i t r y .  

The c o n t r o l  l o g i c  ( r e l a y s  K 1 2  and K13) is such t h a t  a  s i n g l e  f a i l u r e  i n  e i t h e r  
branch of the  c r i t i c a l  c i r c u i t  ( i n  t h i s  case  t h e  o f f - s ide  of t h e  switch)  w i l l  
s t i l l  r e s u l t  i n  t h e  d e s i r e d  command a t  t h e  ground support  equipment v e h i c l e  
i n t e r f  ace. 

The feedback from the  v e h i c l e  component i s  t ransmi t ted  t o  t h e  ground by two 
s e p a r a t e  means : 

1. Via t h e  d i g i t a l  d a t a  a c q u i s i t i o n  system (VMZ 603) where, a f t e r  
condi t ion ing  by t h e  ground r ece iv ing  s t a t i o n ,  w i l l  b e  d isp layed  i n  analog 
form on t h e  c o n t r o l  pane l  meter f o r  v i s u a l  s u r v e i l l a n c e  by t h e  t e s t  
engineer .  

2. Via hardwires  t o  t h e  s p e c i a l  monitor c i r c u i t s  i n  t h e  pad a r e a  where, 
i f  t h e  vo l t age  i s  a t  t h e  proper  l e v e l ,  r e l a y  K19 w i l l  be  energized.  

The power supply provides t h e  c a l i b r a t i o n  vo l t age  necessary f o r  comparison 
w i t h i n  t h e  monitor c i r c u i t s .  Relay K19 provides a  d i s c r e t e  i npu t  t o  t h e  d i g i t a l  
events  eva lua to r  f o r  record ing  o r  rea l - t ime a n a l y s i s ,  and i n t a  t h e  Saturn ground 
complex computer system f o r  d i s p l a y  on t h e  c o n t r o l  pane l  i n d i c a t o r  lamps. Relay 
K19 a l s o  energ izes  r e l a y  K87 t o  r o u t e  t he  s i g n a l  through the  i n t e g r a t i o n  pa tch  
d i s t r i b u t o r  t o  i n t e r f a c e  wi th  o the r  s t a g e  e l e c t r i c a l  ground suppor t  equipment 
f o r  i n t e r l o c k  purposes.  Relay K87 i s  a  bu f fe r  necessary t o  i s o l a t e  t h e  dc buses 
when s i g n a l s  a r e  i n t e r l a c e d  between va r ious  v e h i c l e  s t a g e s .  Contacts of r e l a y  
K87 a r e  f ed  by t h e  s t a g e  bus u t i l i z i n g  t h a t  p a r t i c u l a r  s i g n a l .  

Associated s i g n a l s  a r e  monitored by the  ground d i g i t a l  d a t a  a c q u i s i t i o n  system 
(VK 33, 34, and 35) and by hardwires  f o r  d i sp l ay  on t h e  c o n t r o l  pane l  and events  
d i sp l ay  panel .  A l l  v e h i c l e  and ground d i g i t a l  d a t a  a c q u i s i t i o n  system informa- 
t i o n  i s  a v a i l a b l e  t o  the  Saturn launch computer f o r  parameter i npu t s  t o  automatic  
t e s t  programs, o r  t o  t h e  Cen t r a l  Instrumentat ion F a c i l i t y  and va r ious  te lemetry 
recording s t a t i o n s  f o r  record ing  o r  malfunct ion a n a l y s i s .  



SECTION I V  
OPERATIONAL EXPERIENCE 

INTRODUCTION 

The s p a c e  v e h i c l e  u m b i l i c a l  e j e c t  o v e r a l l  test sequence a s  d e s c r i b e d  i n  Sec- 
t i o n  I1 d i d  n o t  c o n s i d e r  t h e  p o s s i b i l i t y  of problems o r  h o l d s  d u r i n g  t h e  test .  
Exper ience  a t  t h e  l aunch  s i t e  h a s  shown t h a t  problems can e x i s t  and t h a t  a 
h o l d  may b e  a n t i c i p a t e d  u n t i l  s u s p e c t e d  problems a r e  i s o l a t e d .  I n  o r d e r  t o  
e x p l a i n  how t h e  Sa tu rn /Apol lo  c o n t r o l  and checkout sys tem is  used t o  i s o l a t e  
s u s p e c t e d  problems, t y p i c a l  ho ld  c o n d i t i o n s  t h a t  could  occur  d u r i n g  t h e  over- 
a l l  t e s t  w i l l  be  d e s c r i b e d .  The s i x  c o n d i t i o n s  w i l l  b e  a s  f o l l o w s :  

1. Procedure  f o r  app ly ing  power t o  t h e  S a t u r n  ground computer complex 
remote (mobile l auncher )  computer,  u t i l i z i n g  t h e  remote c o n t r o l  sys tem 
l o c a t e d  i n  t h e  launch c o n t r o l  c e n t e r .  

2 .  Suspected i s s u a n c e  of an  e r r o n e o u s  d i s c r e t e  o u t p u t  d u r i n g  o p e r a t i o n a l  
s t e p s .  

3 .  I n d i c a t i o n  of m u l t i p l e  o u t p u t  from swi tch  s e l e c t o r  command: s u s p e c t e d  
program e r r o r .  

4. Suspected emergency d e t e c t i o n  system mal func t ion .  

5. Cutoff  a f t e r  s tar t  of t e r m i n a l  countdown. 

6 .  CALIP ( ~ r e s s u r e  swi tch)  sys tem.  

A. POWER-UP PROCEDURES 

As t h e  f i r s t  c o n d i t i o n ,  p rocedures  f o r  a p p l y i n g  power t o  t h e  remote  computer 
of t h e  S a t u r n  ground computer complex, u t i l i z i n g  t h e  remote c o n t r o l  p a n e l ,  
l o c a t e d  i n  t h e  launch c o n t r o l  c e n t e r ,  w i l l  be  d e s c r i b e d  t o  e x p l a i n  t h e  s t e p s  
t a k e n  i n  a n t i c i p a t i o n  of a  problem t h a t  would normal ly  r e q u i r e  manned a c c e s s  
t o  t h e  remote computer. 

The c a p a b i l i t y  t o  c o n t r o l  t h e  remote computer i s  provided th rough  t h e  u s e  of 
t h e  remote sys tem c o n s i s t i n g  of a n  e l e c t r i c a l l y  c o n t r o l l e d  mechan ica l  d e v i c e  
and two c o n t r o l  c o n s o l e s ,  f o r  b o t h  l o c a l  o r  remote c o n t r o l .  The system can 
mechan ica l ly  a c t u a t e  a l l  t h e  n e c e s s a r y  pushbut tons  and s w i t c h e s  on t h e  magne t ic  
t a p e  s t a t i o n s  ( F i g u r e  4 - l ) ,  d a t a  l i n k  sys tem,  main computer power s o u r c e ,  
and t h e  remote computer maintenance p a n e l  ( F i g u r e  4-2). O p e r a t i o n a l  TV pro-  
v i d e s  v i s u a l  moni to r ing .  The d e s i g n  f e a t u r e s  a r e  a s  f o l l o w s :  low c o s t ,  p o r t -  
a b i l i t y ,  e a s i l y  a t t a c h e d  and de tached ,  no e l e c t r i c a l  i n t e r f a c e  w i t h  computer 
l o g i c ,  s imple  one-time mechanical  a d j u s t m e n t ,  s imple  e l e c t r i c a l  c o n t r o l  c i r -  
c u i t s ,  and i d e n t i c a l  c o n t r o l s .  

The u s e  of t h e  remote c o n t r o l  system d u r i n g  t h i s  t e s t  i s  t o  v a l i d a t e  i t s  
o p e r a t i o n .  The p rocedure  is  as f o l l o w s :  





Figure 4-2. Pad Computer Maintenance Panel 
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1. A f t e r  a l l  t h e  mechanical  maintenance p rocedures  have been ~ e r f o r m e d ,  
and t h e  n e c e s s a r y  magnet ic  t a p e  s t a t i o n s  loaded ,  t h e  mechanical  (mainten- 
ance p a n e l )  a c t u a t o r s  ( F i g u r e  4-3) a r e  i n s t a l l e d .  

2 .  A l l  n e c e s s a r y  c a b l i n g  i s  connected and power i s  provided.  

3 .  A normal computer power-up p rocedure  i s  performed u s i n g  t h e  l o c a l  
conso le .  

4. The remote  sys tem i s  p laced  i n  t h e  remote c o n t r o l  p o s i t i o n  and t h e  
t e l e v i s i o n  camera p o s i t i o n e d .  

5. The l aunch  c o n t r o l  c e n t e r  computer o p e r a t o r  t h e n  assumes c o n t r o l  a t  
t h e  S a t u r n  ground computer remote p a n e l  ( F i g u r e  4-4),  and starts a nor- 
mal power-up sequence which i n c l u d e s  t h e  l o a d i n g  and e x e c u t i o n  of t h e  
computer a c c e p t a n c e  t e s t s ,  fo l lowed  by l o a d i n g  and i n i t i a l i z a t i o n  of t h e  
S a t u r n  ground computer complex. 

S u c c e s s f u l  complet ion of t h i s  t e s t  p r o v i d e s  a s s u r a n c e  t h a t  r e c o v e r y  pro- 
cedures  f o r  t h e  remote computer can b e  accomplished w i t h o u t  t h e  need of 
send ing  p e r s o n n e l  i n t o  a  hazardous  a r e a .  

B .  SUSPECTED ISSUANCE OF ERRONEOUS DISCRETE OUTPUT 

I n  t h e  second c o n d i t i o n ,  an  i s s u a n c e  o f  e r roneous  d i s c r e t e  o u t p u t  d u r i n g  oDera- 
t i o n a l  s t e p s  i s  s u s p e c t e d .  

The count  i s  T-5 h o u r s  5 minu tes  and i n s t r u m e n t  u n i t  power-up p r o c e d u r e s  have 
s t a r t e d .  One of t h e  i n s t r u m e n t  u n i t  p a n e l  o p e r a t o r s  informs t h e  test  conduc- 
t o r  t h a t  one o f  t h e  i n d i c a t i n g  lamps h a s  i l l u m i n a t e d  e r roneous ly .  The t e s t  
conductor  r e q u e s t s  t h e  e l e c t r i c a l  sys tem t e s t  eng ineer  t o  check t h i s  problem. 

The eng ineer  de te rmines  from t h e  coded d e c a l s  on t h e  p a n e l  f a c e  of t h e  com- 
p u t e r  c o n s o l e s  ( F i g u r e  4-5) t h a t  t h e  c i r c u i t  i s  c o n t r o l l e d  by t h e  computer 
system. The e n g i n e e r  u t i l i z e s  t h e  d i s p l a y  c o n s o l e  t o  s e n s e  t h e  s t a t u s  of t h e  
v e h i c l e  response  d i s c r e t e ,  which c a u s e s  t h e  p a n e l  i n d i c a t o r  t o  i l l u m i n a t e ,  
and t o  s e n s e  t h e  v e h i c l e  command d i s c r e t e .  A l l  d i s c r e t e s  a r e  found t o  b e  i n  
t h e  ON s t a t e .  The eng ineer  t h e n  de te rmines  t h e  s t a t u s  of t h e  s w i t c h  d i s c r e t e  
a t  t h e  l aunch  c o n t r o l  c e n t e r  computer and f i n d s  i t  i s  a l s o  i n  t h e  ON s t a t e ,  
a l t h o u g h  t h e  s w i t c h  i s  OFF. 

Th is  p r o c e s s ,  performed from one c e n t r a l  l o c a t i o n ,  h a s  q u i c k l y  i s o l a t e d  t h e  
m a l f u n c t i o n  t o  t h e  computer d i s c r e t e  i n p u t  equipment and /or  s i g n a l  c o n d i t i o n -  
i n g .  Vol tmeter  checks a t  t h e  s i g n a l  c o n d i t i o n i n x  o u t p u t  t e s t  p o i n t s  v e r i f y  
t h e  p roper  o p e r a t i o n  of t h i s  equipment. 

The e n g i n e e r  informs t h e  t e s t  conductor  t h a t  t h e  d i s c r e t e  o u t p u t  sys tem w i l l  
be  i n h i b i t e d  and s e t s  t h e  l auncher  d i s c r e t e  o u t p u t  i n h i b i t  s w i t c h ,  t h e r e b y  
caus ing  t h e  S a t u r n  ground computer c o m ~ l e x  t o  drop down t o  an  IDLE mode. A 
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message i s  d i s p l a y e d  on each d i s p l a y  c o n s o l e  i n d i c a t i n g  t h e  computer sys tem 
i s  i n - . t h e  IDLE-mode. Th is  mode p r e v e n t s  any changes i n  d i s c r e t e  o u t p u t  s i g -  
n a l s  t o  t h e  v e h i c l e .  A t  t h i s  p o i n t ,  t h e  t e s t  conductor  r e q u e s t s  a ho ld  and 
a s k s  t h e  computer o p e r a t o r  f o r  a  t i m e  e s t i m a t e  of t h e  h o l d .  A  ha l f -hour  
e s t i m a t e  i s  g i v e n .  

A t  t h i s  p o i n t  t h e  i n h i b i t  s w i t c h e s  w i l l  b e  d i s c u s s e d .  There  a r e  two d i s c r e t e  
o u t p u t  i n h i b i t  s w i t c h e s  i n  t h e  LCC c o n t r o l  room: one f o r  each computer. The 
f u n c t i o n  of each  s w i t c h  is  t o  s e t  t h e  p a r i t y  e r r o r  d i s c r e t e  o u t p u t  l o g i c  w i t h  
a  ground s i g n a l .  Th i s  t h e n ,  l o g i c a l l y ,  p r e v e n t s  a l l  d i s c r e t e  r e l a y  d r i v e r  
o u t p u t s  from be ing  changed. The d i s c r e t e  o u t p u t  i n h i b i t  s w i t c h e s  and a s s o c i -  
a t e d  t a b l e  ( F i g u r e  4-6 and 4-7) r e f l e c t  t h e  e n t i r e  scheme. 

I n  a d d i t i o n  t o  t h e  manual i n t e r v e n t i o n ,  t h e  a u t o m a t i c  l aunch  sequencer  i n h i b i t s  
t h e  d i s c r e t e  o u t p u t  sys tem a t  T-186 seconds  and removes t h i s  i n h i b i t  a t  T+3 
seconds.  During t h i s  p e r i o d  t h e  computer normal ly  does  n o t  have t o  i s s u e  any 
d i s c r e t e s .  However, i n  a n  emergency, t h e  i n h i b i t  can be blocked.  

The o p e r a t i n g  system downgrades t o  t h e  IDLE mode when t h e  i n t e r r u p t  s i g n a l  i s  
r e c e i v e d  by t h e  computer. Removal of t h e  i n h i b i t  s i g n a l  sensed  by t h e  compu- 
t e r  upgrades  t h e  S a t u r n  ground computer complex t o  t h e  GO mode and t h e  sys tem 
i s  ready  t o  resume o p e r a t i o n a l  s u p p o r t .  The remote computer d i s c r e t e  o u t p u t  
equipment can  be  i n h i b i t e d ,  i n  a d d i t i o n  t o  t h e  manual and countdown i n t e r -  
v e n t i o n ,  by a m a l f u n c t i o n  of t h e  d i s c r e t e  i n p u t  s e c t i o n  of b o t h  computers o r  
a  m a l f u n c t i o n  i n  t h e  d i s c r e t e  o u t p u t  l o g i c  of t h e  remote computer. 

The d i s c r e t e  i n p u t  e r r o r  d e t e c t i o n  l o g i c  p r o v i d e s  v e r i f i c a t i o n  on each s c a n  
c y c l e  t h a t  t h e  d i s c r e t e  equipment c o r r e c t l y  p r o c e s s e s ,  b o t h  ON and OFF i n p u t  
i n f o r m a t i o n ,  and t h a t  t h e  scanning hardware i s  r e s e t  a f t e r  each scan .  P a r i t y  
b i t  g e n e r a t i o n  i s  used t o  check f o r  e r r o r s  when t r a n s f e r r i n g  t h e  i n f o r m a t i o n  
t o  t h e  d i s c r e t e  inpu t -ou tpu t  d a t a  channe l .  

The d i s c r e t e  o u t p u t  equipment v e r i f i e s  t h a t  t h e  i n f o r m a t i o n  from t h e  i n p u t -  
o u t p u t  d a t a  channe l  i s  t r a n s f e r r e d  c o r r e c t l y  w i t h  no change i n  t h e  i n f o r m a t i o n ,  
by u t i l i z i n g  p a r i t y  checks and b i t  s h i f t  c o u n t e r s .  A check i s  made t o  e n s u r e  
t h a t  no more t h a n  24 d i s c r e t e s  a r e  i s s u e d  a t  one t ime.  

During t h e  h o l d ,  t h e  computer p e r s o n n e l  have r e s o l v e d  t h e  d i s c r e t e  p r o b l ~ m  
i n  t h i s  manner: 

1. The d i s c r e t e  i n p u t  c i r c u i t  board i s  t e s t e d  by a n  o s c i l l o s c o p e  and 
found t o  be  d e f e c t i v e .  

2. A f t e r  removal of computer power, t h e  c i r c u i t  board i s  checked i n  
t h e  module test set l o c a t e d  i n  t h e  computer room. 

3 .  A new board r e c e n t l y  t e s t e d  i s  i n s t a l l e d ,  power r e a p p l i e d  t o  t h e  com- 
p u t e r ,  and a  v a l i d a t i o n  check performed, i n c l u d i n g  d i s c r e t e  i n p u t  v e r i f i -  
c a t i o n  from t h e  d i s c r e t e  i n p u t  s i g n a l  c o n d i t i o n i n g  equipment ( F i g u r e  4-8). 

4 .  The computer i s  t h e n  r e i n i t i a l i z e d  f o r  s u p p o r t  of t e s t  o p e r a t i o n .  



F i g u r e  4-6. D i s c r e t e  Output I n h i b i t  C o n t r o l  Schematic 



METHOD FOR C O N T R O L L I N G  I H H l B l T S  D I S C  OUTPUT 
STROBE ( D . 0 .  ' S  CANNOT 

TO " IDLE"  MODE. DOWN GRADE TO " IDLE"  CHANGE STATE)  MLC I N  
MODE. AUTO. UPGRADES 
T O  "GO" MODE WHEN RESET.  

A C T I V A T I O N  I N H I B I T  SW. 
ML AND/OR LCC t4L AND/OR LCC M L  AND/OR LCC 

ML AND/OR LCC 

M L  AND/OR LCC M L  AND/OR L C C  

Figure 4-7. Discrete Output Inhibit Control Chart 
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C. INDICATION OF MULTIPLE OUTPUT 

I n  t h e  t h i r d  condi t ion ,  a t  T-4 hours ,  t h e  instrument  u n i t  t e s t  engineer  r e p o r t s  
t h a t  switch s e l e c t o r  func t ions  t o  t he  I U  s t a g e  a r e  r e s u l t i n g  i n  "switch 
s e l e c t o r  ou tput  not  2 v o l t s "  e r r o r  messages on t h e  computer l i n e  p r i n t e r .  The 
2-volt s i g n a l  is developed i n  t h e  output  s e c t i o n  of t h e  switch s e l e c t o r  t o  
i n d i c a t e  t h a t  only one switch s e l e c t o r  i s  operated wi th  each command. I f  more 
than one swi tch  s e l e c t o r  channel i s  ON,  t h e  vo l t age  becomes 4  v o l t s ,  and i f  no 
switch s e l e c t o r  channel is  ON,  t h e  vo l t age  i s  zero.  The DDAS rece ives  t h e  
s i g n a l  and t r a n s f e r s  i t  t o  t h e  computer through t h e  i n t e r f a c e  u n i t .  The s ig -  
n a l  is  a v a i l a b l e  during t h e  s h o r t  per iod  of t ime (40 mi l l i seconds)  t h a t  t h e  
read command i s  being i ssued  t o  t h e  swi tch  s e l e c t o r .  Therefore,  a high-speed 
osc i l l og raph  recorder  (Figure 4-9) was patched t o  r ece ive  t h e  DDAS s i g n a l  i n  
r e a l  time f o r  v e r i f i c a t i o n .  When the  switch s e l e c t o r  func t ion  was repea ted ,  
t h e  osc i l l og raph  recording showed t h e  output  t o  be two v o l t s ,  i n d i c a t i n g  t h e  
switch s e l e c t o r  was opera t ing  normally and t h e  DDAS rece iv ing  s t a t i o n  was 
recording t h e  proper  s i g n a l  l e v e l .  

Suspecting a  p o s s i b l e  programming problem, a  computer memory dump is  i n i t i a t e d  
from t h e  remote c o n t r o l  pane l  and t h e  d a t a  i n v e s t i g a t e d  by t h e  computer pro- 
grammer. The d a t a  r evea l s  t h e  fol lowing normal opera t ions :  

1. Computer i s s u e s  read command. 

2.  Delay 40 mi l l i s econds .  

3. Read DDAS f o r  two-volt s i g n a l .  

4. I f  two v o l t s ,  r e l e a s e  read command. 

5.  I f  no t  two v o l t s ,  ou tput  e r r o r  message and then r e l e a s e  read  command. 

The programmer, f i nd ing  no programming e r r o r ,  con tac t s  t h e  Sa turn  Development 
F a c i l i t y  a t  MSFC and reques ts  f u r t h e r  i n v e s t i g a t i o n  i n t o  the  problem. A t  t he  
development f a c i l i t y ,  t h e  malfunct ion i s  v e r i f i e d  a n d ,  through experimentat ion,  
f i n d  t h a t  when t h e  de lay  time t o  read t h e  DDAS s i g n a l  is  extended t o  150 m i l l i -  
seconds, normal r e s u l t s  a r e  obtained.  With t h i s  information,  t h e  programmer 
r eques t s  and r ece ives  a  programming change t o  patch i n t o  t h e  proper  computer 
memory l o c a t i o n  a s  an in t e r im  s o l u t i o n .  

Fur ther  s t u d i e s  a t  t h e  development f a c i l i t y  r e v e a l  t h a t  t h e  t ime c o r r e l a t i o n  
between the  computer and t h e  DDAS is  i n  e r r o r ,  r e s u l t i n g  i n  o ld  d a t a  being 
read by the  computer. This  explained t h e  neces s i ty  of t h e  150-millisecond 
delay.  This  i s  cor rec ted  by t h e  DDAS design engineers  and subsequent ly in- 
s t a l l e d  i n  a l l  DDAS systems. The temporary program patch t h a t  allowed t h e  
150 mi l l i second de lay  i s  then  removed. 



F i g u r e  4-9. O s c i l l o g r a p h  Recorder  
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D.  SUSPECTED EMERGENCY DETECTION SYSTEM 

I n  t h e  f o u r t h  condi t ion ,  t h e  emergency d e t e c t i o n  system (Figure 4-10) senses  
c e r t a i n  launch v e h i c l e  performance parameters such a s  engine t h r u s t  and r a t e  
of v e h i c l e  r o t a t i o n  about t he  yaw, p i t c h ,  and r o l l  axes  and sends the  in fo r -  
mation t o  t h e  command module f o r  automatic  o r  manual cu to f f  and a b o r t  deci-  
s ions .  The emergency d e t e c t i o n  system c i r c u i t s  contained i n  t h e  instrument  
u n i t  c o n s i s t  of ma jo r i t y  vot ing  l o g i c ;  and t h e  system senso r s  l oca t ed  through- 
out  t h e  launch v e h i c l e  s t a g e s  c o n s i s t  of engine t h r u s t  OK p re s su re  switches 
and emergency d e t e c t i o n  system r a t e  gyros.  

Opera t iona l  v e r i f i c a t i o n  of t h e  system is accomplished by a  Sa turn  ground 
computer complex t e s t  program, u t i l i z i n g  a  emergency d e t e c t i o n  system checkout 
loop (Figure 4-11). The program i s  i n i t i a t e d  and monitored by t h e  t e s t  engineer  
a t  t he  computer d i s p l a y  console.  The computer i s s u e s  t e s t  s t i m u l i ,  reads  
v e h i c l e  DDAS, and v e r i f i e s  t h e  responses by comparing t h e s e  responses w i th  
predetermined va lues  s t o r e d  i n  t h e  computer memory by t h e  t e s t  program. Launch 
v e h i c l e  responses a r e  received v i a  hardwire umbi l ica l  connections and d i g i t a l  
d a t a  a c q u i s i t i o n ,  and t h e  spacec ra f t  command module responses v i a  t h e  ACE 
d a t a  l i n k  computer i n t e r f a c e  u n i t .  

A t  T-2 hours ,  t h e  emergency d e t e c t i o n  system t e s t  engineer  informs t h e  t e s t  
conductor t h a t  a  d i sp l ay  console  message i n d i c a t e s  t h e  absence of a  r a t e  
excess ive  s i g n a l  expected through t h e  DDAS. The computer program i s  auto- 
m a t i c a l l y  h a l t e d  a s  a  r e s u l t  of t h i s  e r r o r  and provides t h e  t e s t  engineer  t h e  
opt ion  of r e s t a r t i n g  t h e  t e s t  a t  t h e  ha l t ed  l o c a t i o n  o r  i n i t i a t i n g  a  r e t e s t .  
The emergency d e t e c t i o n  system monitor pane l  i s  checked and v e r i f i c a t i o n  of 
t h e  malfunct ion is  made by i n d i c a t o r  lamps. 

A hold i s  c a l l e d  and t h e  DDAS rece iv ing  s t a t i o n  opera tor  i s  contac ted .  The 
ope ra to r  i s  suppl ied  wi th  t h e  app ropr i a t e  DDAS address  and requested t o  check 
i t s  s t a t u s  on the  quick-look panel  (Figure 4-12). This  check r e v e a l s  t h a t  
t h e  DDAS d i s c r e t e  i n  ques t ion  has  not  been rece ived .  Due t o  t he  r e l a t i v e  
i n a c c e s s i b i l i t y  of t e s t  p o i n t s  i n  t h e  v e h i c l e ,  a s  compared t o  t h e  ground 
support  equipment, t h e  t r o u b l e  i s o l a t i o n  i s  now s h i f t e d  t o  t h e  command s i d e  
of t h e  loop. The t e s t  program r o u t i n e  checks t h e  command d i s c r e t e  i ssuance  
a s  w e l l  a s  t h e  response; and s i n c e  t h e  e r r o r  message f lagged only t h e  response,  
i t  i s  assumed t h a t  t h e  command s i g n a l  c l ea red  t h e  computer i n t e r f a c e .  Sub- 
sequent ly ,  vol tmeter  checks made a t  t he  s i g n a l  condi t ioner  and d i s t r i b u t o r  
t e s t  p o i n t s  r e v e a l  a  d e f e c t i v e  r e l a y .  The r e l a y  i s  found t o  have open con- 
t a c t s  when checked i n  a  s p e c i a l l y  designed r e l a y  t e s t e r .  Af t e r  a  spa re  i s  
v e r i f i e d  and i n s t a l l e d ,  t h e  emergency d e t e c t i o n  system t e s t i n g  i s  cont inued.  

E .  CUTOFF AFTER TERMINAL COUNTDOWN 

The f i f t h  condi t ion  i s  a t  T-0.2 seconds. During t h e  te rmina l  countdown, an 
abnormal cu tof f  s i g n a l  i s  received from t h e  c i r c u i t  l o g i c  i n  t h e  pad a r e a  
which i n i t i a t e s  shutdown of t h e  f i r s t  s t a g e  engines and te rmina tes  t h e  count- 
down. Precaut ionary s i g n a l s  a r e  au tomat ica l ly  generated a t  cu tof f  t o  provide 



Figure 4-10. Emergency Detection System, 
Component Locations 
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such f u n c t i o n s  a s  p r o p e l l a n t  t a n k  v e n t i n g ,  t e r m i n a l  countdown sequencer  d i s -  
arming, t r a n s f e r  of v e h i c l e  power t o  ground s u p p l i e s ,  and n e c e s s a r y  p r o p u l s i o n  
system s a f i n g  o p e r a t i o n s .  A d d i t i o n a l  manual o p e r a t i o n s  a r e  performed t o  
r e c y c l e  t h e  sys tem t o  t h e  T-30 minute  c o n f i g u r a t i o n  and h o l d i n g ,  w h i l e  inves -  
t i g a t i o n  o f  t h e  c u t o f f  mal func t ion  i s  i n  p r o g r e s s .  

The DEE-6 d i g i t a l  e v e n t s  e v a l u a t o r ,  which h a s  t h e  c a p a b i l i t y  of r e a l - t i m e  
d a t a  e v a l u a t i o n  and system c o n t r o l  from t h e  remote c o n t r o l  p a n e l  ( F i g u r e  4-13), 
w i l l  be  u t i l i z e d  t o  i s o l a t e  t h i s  mal func t ion .  DEE-6 c a p a b i l i t i e s  w i l l :  

1. Determine t h e  p r e s e n t  s t a t u s  of a l l  d i s c r e t e s ,  a  s i n g l e  d i s c r e t e ,  
o r  a l l  d i s c r e t e s  a s s i g n e d  t o  a  s t a g e  p r i n t e r .  

2 .  O m i t  t h e  o u t p u t  of any d i s c r e t e  t o  t h e  l i n e  p r i n t e r  and o u t p u t  a 
t a b l e  of any d i s c r e t e s  p r e v i o u s l y  orni t ted .  D i s c r e t e s  omi t t ed  w i l l  s t i l l  
be  logged on magnet ic  t a p e .  

3. S e l e c t  t h e  i n t e r n a l  o r  e x t e r n a l  t iming  s i g n a l s .  S e l e c t  Greenwich 
o r  countdown r e f e r e n c e  t ime. 

4. S e l e c t  o u t p u t  d e v i c e s  - l i n e  p r i n t e r  o r  t y p e w r i t e r / m a g n e t i c  t a p e  
o r  paper  t a p e .  

5. S t a r t  o r  s t o p  r e a l - t i m e  sequence e v a l u a t i o n .  

Sequence e v a l u a t i o n  i s  accomplished by comparison of t h e  i n p u t  d i s c r e t e s  a s  
t h e y  occur  t o  a  predetermined sequence s t o r e d  i n  t a b u l a r  form i n  t h e  computer 
memory. The t a b l e  i s  prepared  by t h e  t e s t  e n g i n e e r  p r i o r  t o  t h e  performance 
of a  g iven  test and c o n s i s t s  of groups  of d i s c r e t e s  i n  t h e  o r d e r  of t h e i r  
expec ted  occur rence .  Each group of d i s c r e t e s  may c o n t a i n  one o r  s e v e r a l  d i s -  
c r e t e s .  During test  o p e r a t i o n s ,  sequence e r r o r s  a r e  f l a g g e d  on t h e  l i n e  
p r i n t e r  a long w i t h  normal d i s c r e t e  i n f o r m a t i o n  as i l l u s t r a t e d  i n  F i g u r e  4-14. 

When a  c u t o f f  s i t u a t i o n  o c c u r s ,  t h e  DEE-6 becomes a v a l u a b l e  t o o l  f o r  r e a l -  
t i m e  e v a l u a t i o n  of t h e  s i t u a t i o n  a s  i t  e x i s t s  a t  t h e  p r e c i s e  moment t h e  c u t -  
o f f  s i g n a l  i s  g e n e r a t e d .  I n v e s t i g a t i o n  of t h e  DEE-6 l i n e  p r i n t e r  r e v e a l s  
sequence compare i n d i c a t i o n s  a s  f o l l o w s :  

1. A c u t o f f  i n d i c a t i o n  f l a g g e d  by e r r o r  code 3. 

2 .  A t h r u s t  f a i l u r e  c u t o f f  i n d i c a t i o n  f l a g g e d  by e r r o r  code 3 .  

3 .  The 24 t h r u s t  OK s w i t c h  i n d i c a t i o n s  from t h e  f i r s t  s t a g e  e n g i n e  
f l a g g e d  by e r r o r  code 4. 

During t e s t  o p e r a t i o n s ,  t h e  eng ine  t h r u s t  OK p r e s s u r e  s w i t c h e s  are s i m u l a t e d  
i n  t h e  o v e r a l l  t e s t  room ( F i g u r e  4-15). The s i m u l a t o r s  can b e  o p e r a t e d  i n d i -  
v i d u a l l y  by test s w i t c h e s  o r  a l l  24 s w i t c h e s  by a  t ime-delayed s i g n a l  d e r i v e d  
from t h e  las t  o u t p u t  of t h e  i g n i t i o n  sequencer .  The l a t t e r  means i s  used 
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F i g u r e  4-14. DEE-6 L i n e  P r i n t e r  Format 





during t h e  te rmina l  countdown of t e s t  opera t ions .  The o v e r a l l  t e s t  room 
technic ian  v e r i f i e s  proper opera t ion  of t h e  s imula tor  c i r c u i t s  from t h e  t e s t  
panel  swi tches .  Also, t h e  i g n i t i o n  sequencer output  s i g n a l s  a r e  i n d i r e c t l y  
v e r i f i e d  on t h e  even t s  c h a r t  i n  t h e  sequence recorder  (Figure 4-16) by observ- 
ing t h e  feedbacks from t h e  engine i g n i t i o n  i n i t i a t o r s  mounted i n  t h e  t e s t  
chambers. With t h i s  information gathered from va r ious  monitoring devices  
throughout t h e  system, t h e  malfunction has been quick ly  iso ' la ted t o  t h e  d i s -  
t r i b u t i o n  system of t h e  output  of t h e  i g n i t i o n  sequencer i n  t h e  s imula t ion  
c i r c u i t r y  i n  t h e  o v e r a l l  t e s t  room. 

Voltmeter checks f u r t h e r  i s o l a t e  t he  malfunct ion t o  t h e  t ime de lay  c i r c u i t  
i n  t h e  o v e r a l l  t e s t  room. I n  t h i s  p a r t i c u l a r  case ,  f o r  two reasons ,  t h e  
dec i s ion  i s  made t o  jumper t h e  c i r c u i t r y  manually a s  shown i n  Figure 4-17; 
(1) t h e  malfunct ion c i r c u i t  i s  n o t  e a s i l y  r e p a i r a b l e  whi le  i n s t a l l e d  i n  
t he  system; and (2) t h e  c i r c u i t  i s  i n  t e s t  r a t h e r  than  func t iona l  po r t ions  
of t h e  system. The t echn ic i an  c loses  t h e  switch on t h e  jumper panel  manually 
t o  provide t h e  t e s t  s i g n a l  f o r  engine t h r u s t  OK a t  t h e  proper t i m e  i n  t h e  
countdown. 

The s i x t h  condi t ion  i s  no t  a  problem but  i s  included t o  exp la in  t h e  CALIPS 
system. The CALIPS system (Figure 4-18) of t h e  Sa turn  I B  f i r s t  s t a g e  
i s  a  pneumatic system used t o  perform c a l i b r a t i o n  checks during prelaunch 
opera t ions  and func t iona l  checks during t h e  launch countdown t o  v e r i f y  t he  
t h r u s t  OK p re s su re  swi tches  loca ted  on each of t h e  e i g h t  H-1 engines.  The 
CALIPS console  provides a  c a l i b r a t e d  p re s su re  ramp through two s e p a r a t e  o r i -  
f i c e s  lead ing  t o  a  manifold f o r  d i s t r i b u t i o n  t o  t h e  24 CALIPS switches i n  
t he  veh ic l e .  Each switch has two input  p o r t s ;  one r ece iv ing  t h e  t e s t  p ressure  
and t h e  o the r  connected t o  t h e  d ischarge  l i n e  of t h e  engine f u e l  pump f o r  
monitoring engine performance a f t e r  i g n i t i o n .  E i t h e r  input  p o r t ,  opera t ing  
through a  diaphram and a c t u a t o r ,  w i l l  a c t u a t e  a  feedback switch f o r  i n d i c a t i o n  
a t  t h e  LCC. I n  t h e  CALIPS console  a  t ransducer  s enses  t h e  manifold p re s su re  
and an analog-to-digi ta l-converter  sends t h e  d i g i t a l  information t o  t h e  pad 
a r e a  computer. The CALIPS equipment i s  operated manually from t h e  LCC c o n t r o l  
console ,  o r  au tomat ica l ly  by a  computer t e s t  program. The automatic  t e s t  
i s  performed a s  fo l lows:  

1. The computer ope ra t e s  va lves  i n  t h e  CALIPS console  t o  start a  course 
p re s su re  ramp and checks t h e  ramp to le rance .  

2. A t  a  predetermined pressure ,  course  ramp i s  stopped and a  f i n e  ramp 
i s  s t a r t e d .  The f i n e  ramp i s  a l s o  to l e rance  checked. 

3. CALIPS switches a r e  monitored and a c t u a t i o n  p re s su re  d a t a  i s  s to red  
i n  memory. 

4. When a l l  24 switches a c t u a t e ,  o r  a  predetermined maximum pres su re  i s  
reached, the  manifold i s  slowly vented.  



Figure 4-16. Overall Test Sequence Recorders 
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Figure 4-17. Programmable Patch Distributor 
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SATURN LAUNCH COMPUTER COMPLEX 
GROUND COMPUTER SYSTEM 

Figure 4-18. CALIPS System Program Functional Diagram 



5,  CALIPS s w i t c h e s  a r e  moni tored d u r i n g  v e n t i n g  and d e a c t u a t i o n  p r e s s u r e  
d a t a  i s  s t o r e d  i n  memory. 

6. When a l l  CALIPS s w i t c h e s  d e a c t u a t e ,  t h e  p r e s s u r e  is  ven ted  a t  a more 
r a p i d  r a t e  t o  ze ro  and t h e  computer w i l l  o u t p u t  t h e  t e s t  d a t a .  

Throughout t h e  e n t i r e  o p e r a t i o n ,  a t  15-second i n t e r v a l s ,  t h e  computer d i s p l a y s  
t h e  mani fo ld  p r e s s u r e  on t h e  d i s p l a y  c o n s o l e  and l i n e  p r i n t e r  f o r  o b s e r v a t i o n  
by t h e  test  e n g i n e e r .  The o u t p u t  d a t a ,  a t  complet ion of t h e  program, is  r e a d  
on t h e  computer l i n e  p r i n t e r .  The o u t p u t  format  ( F i g u r e  4-19) i n c l u d e s  
t h e  s w i t c h  s p e c i f i c a t i o n s ,  t h e  a c t u a t i o n  and d e a c t u a t i o n  p r e s s u r e  of e a c h  
s w i t c h ,  and t h e  r a t e  of p r e s s u r e  change d u r i n g  t h e  c o u r s e  and f i n e  ramps. 



CALIPS PROGRAM DATA OUTPUT 

TOPS MAKE PRESSURE LOW LIMIT 755 PSIG 
UP LIMIT 815 PSIG 

TOPS BREAK PRESS 20 PSI  TO 45 P S I  LESS THAN MAKE PRESSURE 

ENG SWH ACT PRES DEA PRES DELTA P 

EN1- 1 790.699 
1- 2 764.330 
1- 3 788.440 

EN2- 1 773.791 
2- 2 779.651 
2- 3 779.651 

EN3- 1 792.652 
3- 2 803.395 
3- 3 768.236 

EN4- 1 791.370 
4- 2 772.143 
4- 3 799.977 

EN5- 1 791.370 
5- 2 799.488 
5- 3 786.487 

EN6- 1 782.581 
6- 2 792.652 
6- 3 772.326 

EN7- 1 775.500 
7- 2 763.353 
7- 3 759.142 

EN8- 1 773.120 
8- 2 781.909 
8- 3 766.955 

TRANSDUCER READING 
I N  TOLERANCE 

762.560 
738.877 
754.503 
746.934 
754.259 
750.657 
757.188 
778.491 
743 .821  
763.353 
742.844 
775.073 
762.804 
775.500 
752.549 
754.075 
770.617 
742.844 
749.375 
732 .101  
732.101 
738.633 
751.634 
741.562 

3 . 1 3 1  P S I  

COARSE RAMP PRESSURE I N  TOLERANCE 
PRESSURE CHANGE FOR 1 MINUTE EQUALS 203.138 PSI  

FINE RAMP PRESSURE I N  TOLERANCE 
PRESSURE CHANGE FOR 1 MINUTE EQUALS 17 .396  PSI  

NT14 COMPLETE-EXIT TO OPERATING SYSTEM 
GMT 2043135.260 
CALIPS MANIFOLD PRESSURE 0 479.156 
GMT 2043150.788 
CALIPS MANIFOLD PRESSURE o 458.342 

F i g u r e  4-19. CALIPS Program Da ta  Output  



SECTION V 
CONCLUSIONS 

A t  t h e  p r e s e n t  t ime,  Kennedy Space Cente r  i s  engaged i n  a l l  of t h e  S a t u r n /  
Apol lo  checkout  a c t i v i t i e s  t h a t  have been d i s c u s s e d .  Launch v e h i c l e  checkout  
a c t i v i t i e s  i n v o l v i n g  f o u r  manned Sa tu rn /Apol lo  launch v e h i c l e s  a r e  i n  v a r i o u s  
phases  of p r e p a r a t i o n .  At Launch Complex 34,  s t a g e  checkout  of a  S a t u r n  I B  
v e h i c l e  ( d e s i g n a t e d  AS-205) h a s  been completed,  and l aunch  v e h i c l e  checkout  
i s  now i n  p r o g r e s s .  To d a t e ,  a t o t a l  of 90 d e f i n e d  test programs have been  
r e l e a s e d  f o r  checkout o p e r a t i o n s ;  t h i s  i n c l u d e s  c o n s o l i d a t i o n  of 38 c o n t r o l  
sys tem programs i n t o  8 programs. A t  Launch Complex 39,  f i r i n g  room number 1 
and mobi le  l a u n c h e r  number 1 w i l l  b e  used f o r  checkout of a  S a t u r n  V/Apollo 
v e h i c l e  d e s i g n a t e d  AS-503. E r e c t i o n  of t h i s  v e h i c l e  i s  n e a r i n g  complet ion.  
Launch Pad A w i l l  b e  used f o r  t h e  launch.  F i r i n g  room number 2  and mobi le  
l a u n c h e r  number 2  a r e  b e i n g  p repared  t o  r e c e i v e  S a t u r n  VlApollo v e h i c l e  AS-504, 
which w i l l  b e  launched from Pad B. F i r i n g  room number 3  and mobi le  l a u n c h e r  
number 3  a r e  i n  p r o c e s s  o f  v a l i d a t i n g  a l l  c o n t r o l  and checkout equipment (GETS 
checkout)  f o r  AS-505, which w i l l  b e  launched from Pad A. Of t h e  t e s t  programs 
d e f i n e d ,  80 have been r e l e a s e d  f o r  u s e  on AS-503 and 65 f o r  use  on b o t h  AS-504 
and AS-505. Also,  p r e l i m i n a r y  p l a n n i n g  is  under  way f o r  t h e  Apol lo  Applica- 
t i o n s  Program which w i l l  u t i l i z e  t h e  e x i s t i n g  launch f a c i l i t i e s  i n c l u d i n g  t h e  
a s s o c i a t e d  c o n t r o l  and checkout sys tems.  

Launch a c t i v i t i e s  on t h i s  s c a l e  p r e s e n t  problems, r e g a r d l e s s  of how w e l l  
p lanned.  However, t h e s e  problems a r e  t h e  t y p e  t h a t  can be  r e v e a l e d  by opera-  
t i o n a l  u t i l i z a t i o n  of a l l  of t h e  f e a t u r e s  b u i l t  i n t o  t h e  space  v e h i c l e  c o n t r o l  
and checkout  system. Namely: 

1. Continuous moni to r ing  of v i s u a l  d i s p l a y s  by a l l  o p e r a t i o n a l  p e r s o n n e l  
a t  t h e  l aunch  s i te .  

2 ,  B u i l t - i n  s e l f  checks of equipment and r e a l - t i m e  a n a l y s i s  performed 
by computer programs, 

3. U t i l i z a t i o n  of a l l  a v a i l a b l e  t e s t  p o i n t s  f o r  f a u l t  i s o l a t i o n  and 
a l t e r n a t e  modes of equipment o p e r a t i o n .  

There  a r e ,  however, a few problems t h a t  a r e  t roublesome and a r e  caus ing  addi-  
t i o n a l  t i m e  and e f f o r t  d u r i n g  v e h i c l e  checkout and l aunch  o p e r a t i o n s .  

To i n c r e a s e  r e l i a b i l i t y  and t h e  a b i l i t y  t o  meet c r i t i c a l  t ime  s c h e d u l e s ,  t h e  
d e s i g n e r s  have provided redundancy. To de te rmine  t h a t  a l l  a l t e r n a t e  modes 
were  f u n c t i o n i n g  p r o p e r l y ,  a d d i t i o n a l  t e s t i n g  had t o  b e  employed. I n  many 
i n s t a n c e s ,  u s e  of au tomat ic  checkout equipment and ccmputer t e s t  programs have 
been  p rov ided  t o  d e c r e a s e  t h e  t i m e  r e q u i r e d  f o r  checkout.  However, some equip- 
ment does  n o t  c o n t a i n  t h i s  f e a t u r e .  T h i s  problem i s  be ing  remedied w i t h i n  t h e  
t i m e  and r e s o u r c e  c o n s t r a i n t s  imposed upon launch  o p e r a t i o n s .  



There a r e  d i v i d e d  o p i n i o n s  a s  t o  t h e  b e s t  t y p e  of grounding system t o  u s e ;  
s i n g l e  p o i n t  o r  m u l t i p o i n t .  Launch v e h i c l e  o p e r a t i o n s  u s e s  t h e  s i n g l e  p o i n t  
grounding system. The u s u a l  problem r e l a t e d  t o  t h e  combination of t h e  two 
grounding systems a r e  t h e  numerous ground l o o p s  which r e q u i r e  t i m e  t o  i s o l a t e  
and e l i m i n a t e .  

Sensors  and i n d i c a t o r s  do n o t  always have t h e  same r e l i a b i l i t y  a s  t h e  d e v i c e s  
t h e y  a r e  moni to r ing .  When a mal func t ion  i s  d e t e c t e d ,  t i m e  i s  r e q u i r e d  t o  
de te rmine  what h a s  f a i l e d ,  t h e  d e v i c e  o r  t h e  s e n s o r .  I f  t h e  s e n s o r  was t h e  
c a u s e  of t h e  m a l f u n c t i o n ,  t h i s  sometimes n e c e s s i t a t e s  t h e  u s e  of temporary 
by-passes around t h e  s e n s o r  c i r c u i t r y  t o  f a c i l i t a t e  u n i n t e r r u p t e d  t e s t i n g .  
I n  a d d i t i o n  t o  t h i s  problem, t h e r e  i s  u s u a l l y  no forewarning t h a t  t h e  d e v i c e  
i s  about  t o  f a i l .  Sensors  o r  i n d i c a t o r s  are needed t h a t  p r o v i d e  i n t e l l i g e n c e  
i n f o r m a t i o n  as t o  t h e  c o n d i t i o n  of t h e  d e v i c e .  T h i s  i n f o r m a t i o n  would t h e n  
p r o v i d e  t h e  t e s t  e n g i n e e r  w i t h  t r e n d  i n f o r m a t i o n  on t h e  d e v i c e  s o  t h a t  i t  
cou ld  b e  r e p l a c e d  b e f o r e  i t  f a i l s .  

B u i l t - i n ,  s e l f - c h e c k  f e a t u r e s  p rov ide  i n d i c a t o r s ,  a l a rms ,  o r  d i s p l a y s  whenever 
nonnominal c o n d i t i o n s  occur .  Th i s  a l l o w s  t h e  sys tem t e s t  e n g i n e e r s  more t ime  
t o  perform t h e i r  a d d i t i o n a l  t a s k s .  O c c a s i o n a l l y ,  t h e  i n f o r m a t i o n  p rov ided  
i s  t o o  g r o s s  and t i m e  i s  r e q u i r e d  t o  de te rmine  and i s o l a t e  t h e  c a u s e  of t h e  
m a l f u n c t i o n ,  e s p e c i a l l y  i f  t h e  m a l f u n c t i o n  i s  i n t e r m i t t e n t .  

It was recognized e a r l y  i n  t h e  des ign  phases  of t h e  v e h i c l e  c o n t r o l  and check- 
o u t  sys tems ,  which c o n t a i n  a number of d i g i t a l  computers,  t h a t  t h e r e  would 
b e  a communication problem w i t h  t h e  programmers. T h i s  l e d  t o  development of 
a method f o r  g e n e r a t i n g  computer t e s t  programs u s i n g  a language o r i e n t e d  toward 
t h e  t e s t  e n g i n e e r .  T h i s  e n a b l e s  t h e  test  e n g i n e e r  t o  unders tand  a l l  r e q u i r e d  
documentat ion and t o  p r e p a r e  au tomat ic  t e s t  programs t o  perform t h e  r e q u i r e d  
t e s t  p rocedures .  The accep tance  t e s t  o r  l a u n c h  language (ATOLL) h a s  l e s s e n e d  
t h e  communication problem and has  s i g n i f i c a n t l y  reduced t e s t  p r e p a r a t i o n  and 
debugging t i m e .  However, s i n c e  many programs s t i l l  must b e  p repared  u s i n g  a 
l anguage  o r i e n t e d  toward t h e  computer programmer, t h e  communication problem 
s t i l l  e x i s t s .  

Excess ive  u s e  of t h e  d i s p l a y  c o n t r o l  c o n s o l e s  t o  c a l l  up t h e  e x e c u t i o n  o f  nor- 
m a l  and predetermined o p t i o n s  of t e s t  programs r e q u i r e s  a d d i t i o n a l  o p e r a t i o n a l  
t ime .  Th is  problem h a s  been recognized ,  and a n  a d d i t i o n a l  ATOLL f e a t u r e  
des igned  t o  a l l e v i a t e  t h i s  s i t u a t i o n  w i l l  soon be  r e l e a s e d  f o r  AS-503 o r  AS-504. 
Th is  f e a t u r e  w i l l  p r o v i d e  t h e  a b i l i t y  t o  s e l e c t  any g iven  number of test  pro- 
grams, i n c l u d i n g  any o p t i o n s  w i t h i n  t h e  test programs designed f o r  a u t o m a t i c  
sequencing.  P l a n s  are p r e s e n t l y  being c o n s i d e r e d  u s i n g  t h i s  f e a t u r e  t o  auto-  
mate t h e  f i n a l  30 minu tes  of each major  o v e r a l l  test and countdown. 



Future development of c o n t r o l  and checkout systems depends on t h e  des igners  
who consider  t h e  ope ra t iona l  requirements furn ished  by t h e  system t e s t  engin- 
e e r s .  Opera t iona l  requirements ,  inc luding  those a l r eady  e s t a b l i s h e d ,  t h a t  
should be considered f o r  f u t u r e  development of c o n t r o l  and checkout systems 
a r e  a s  fol lows:  

1. Retent ion  of manual i n t e r v e n t i o n  and c o n t r o l  when opt imiza t ion  of 
t he  manual p o r t i o n  of t h e  c o n t r o l  and checkout system i s  being considered. 

2 .  Provis ions  f o r  d e t a i l e d  automatic f a u l t  a n a l y s i s  o r  i n d i c a t o r s  i n  
a d d i t i o n  t o  t h e  g ros s  malfunction i n d i c a t o r s  a l r eady  e s t ab l i shed .  

3 .  Provis ions  f o r  automatic  recorders  t h a t  cont inuously monitor t h e  
system, but  ope ra t e  only when a  malfunct ion is  de t ec t ed ;  t h e  recorders  
must con ta in  enough memory capac i ty  t o  allow t h e  equipment t o  reach 
opera t ing  speed and t o  record t h e  malfunction. This  recording equipment 
must be a b l e  t o  s t o p  au tomat ica l ly  a f t e r  a predetermined i n t e r v a l  of t i m e ,  
o r  when the  malfunct ion no longer  e x i s t s .  

This  concludes t h e  d i scuss ion  of t he  Saturn/Apollo space v e h i c l e  con t ro l  and 
checkout system and t h e  importance of t h e  r o l e  t h i s  system i s  playing i n  
a id ing  our e f f o r t s  t o  succes s fu l ly  complete t h e  Saturn/Apollo program. 



APPENDIX A 
LIST OF ABBREVIATIONS 

ACE 
ATOLL - 
BH - 
CALIPS - 
CDC - 
CIF .- 

CRT - 
CT - 
DDAS - 
DEE- 6 - 
EDS - 
ESE - 
FM - 
GETS - 
GLOTRAC - 
GMT - 
GSE - 
I U  - 
LC - 
LCC - 
LDI - 
LDO - 
LIEF - 
LUT - 
LVDC~LVDA - 
MDI - 
MDO - 
ML - 
MSC - 
MSFC - 
MS S , - 
O&C -\ 

OAT - 
ODOP - 
PAM - 
PCM - 
PDM - 
PTCS - 
PTCR - 
RAC S - 
RF - 
SDF - 
SGCC - 
UHF - 
VAB - 
VHF - 

Acceptance Checkout Equipment 
Acceptance Test or  Launch Language 
Block House 
Calibratable Pressure Switch System 
Countdown Clock 
Central Instrumentation Fac i l i t y  
Cathode Ray Tube 
Crawler Transporter 
D ig i t a l  Data Acquisition System 
Dig i t a l  Event Evaluator 
Emergency Detection System 
E lec t r i c a l  Support Equipment 
Frequency Modulation 
Ground Equipment Test Set 
Global Tracking 
Greenwich Mean Time 
Ground Support Equipment 
Instrument Unit 
Launch Complex 
Launch Control Center 
Launch Control Center Discrete Input 
Launch Control Center Discrete Output 
Launch Information Exchange Fac i l i t y  
Launch Umbilical Tower 
Launch Vehicle Dig i ta l  Computer/Launch Vehicle Data Adapter 
Mobile Launcher Discrete Input 
Mobile Launcher Discrete Output 
Mobile Launcher 
Manned Spacecraft Center 
Marshall Space Fl ight  Center 
Mobile Service Structure 

,Operation and Checkout Building 
Overall Test 
Offset Doppler 
Pulse Amplitude Modulation 
Pulse Code Modulation 
Pulse Duration Modulation 
Propellant  Tanking Computer System 
Pad Terminal Connection Room 
Remote Automatic Calibration System 
Radio Frequency 
Saturn Development Fac i l i t y  
Saturn Ground Computer Complex* 
Ult ra  High Frequency 
vehicle Assembly Building 
Very High Frequency 

* Sometimes re fe r red  t o  a s  SLCC - Saturn Launch Computer Complex 
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